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UDC 550-388.2 NASA TT F-688
THE STATE OF THE IONOSPHERE ABOVE ALMA-ATA

M.P. Rudina and N.F. Solonitsyna

ABSTRACT: The paper describes the basic patterns
observed in the behavior of the critical frequencies
(fo) and minimum effective (virtual) heights (h')

of the ionosphere's reflecting E, F1, and F2 layers
according to ionospheric-recorder measurements of

fo = ¢(h') over the period from 1943 to 1967. The
variations of fy and h' are compared with the rela-
tive sunspot numbers (W) and the flux of the sun's
radio emission (&) at 10.7 em. With 3 illustra-
tions and 4 source citations.

State of the ionosphere at noon. Critical frequencies.
Ionospheric data acquired over the long term are of great im-
portance for investigation of processes that take place in the
ionosphere, compilation of long-term frequency forecasts, and
ensuring uninterrupted communications in the shortwave band.

For this reason, the results of measurements made at the Alma-Ata
ionospheric station, which cover more than two cycles of solar
activity, are of great interest.
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Figure 1. Critical Frequencies foE, foFl, and
foF2 in Megahertz at 13 Hours (75°E Time),
Sunspot Numbers (W), and Flux of Solar Radio
Emission (®) at 10.7 cm.
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The behavior of the critical frequencies (fo) and virtual
heights (h') of the E, F1, and F2 layers of the ionosphere was
compared with solar activity expressed by the relative sunspot
number (W) [1, 2] and the sun's radio emission flux at 10.7 cm
(®) (Figs. 1, 2, and 3). The monthly noon and midnight median
values were used for analysis, since they are most representa-
tive of the quiet state of the ionosphere and the critical-fre-
quency and virtual-height values. The noon and midnight times
(75°E time) were selected because the processes taking place in
the ionosphere are considered to be steadier at these times of
day.

#lw.m 2@z~ Y
J00
@ 220

J,Jﬂﬁm
l\av m

hrapsh

ey

43 1045 1007 1949 1951 4953 1955 1957 1959 {961 1963 1965 {967

Years

Figure 2. Virtual Helghts h!F1l and h!F2 at 13
Hours in Kilometers (75°E Time), (W), and (9).

The critical frequencies (Fig. 1) varied in conformity to
solar activity (W and ®). Two eleven-year cycles, three minima
(1943-1944, 1953-1954, 1964-1965) and two maxima (1947-1948-1949
and 1957-1958-1959) are clearly evident on the f¢E, foF1l, and
foF2 curves. The amplitude of the frequency fluctuations in-

creased, especially for the F2 layer, with rising solar activity.

It can be seen from the change in the sunspot numbers that the

nineteenth cycle was significantly more intense than the eighteenth.

While +the monthly average sunspot value was 210 in the

eighteenth cycle, it was 330 in the nineteenth. The variation of

the radio emission flux @10 7 cm and the critical frequencles

from cycle to cycle was less distinct. To judge from the 1966-
1967 ascending branch, the twentieth cycle promises to be less
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intense than the nineteenth. The patterns brought out here indi-
cate a probable increase in the ionization density at the layer
maximum, Nm X (fo)z, with increasing ionizing radiation.

A trend to limitation of the critical frequencies and, con-
sequently, limitation of the ionization rise is discerned during
years of enhanced solar activity [3]. The median values of FfF2
were also limited in the years of the nineteenth-cycle minimum.

A seasonal variation can be traced in the cyelical variation of
the criltical frequencies: the frequency values of the E and F1
layers are highest in summer and lowest in winter. The proba-
bility of appearance of the F1l layer increases with declining
solar activity. In the years of the minimum, the F-region was
stratified into Fl- and F2-layers above Alma-Ata all year round.
This is illustrated in Fig. 1 by the continuous fyFl curve. Dur-
ing years of high activity, the Fl-layer was observed for the
most part only in summer. In the F2-layer, the critical-frequency
maxima occur in the spring and autumn months (March, October),
one minimum in summer (July), and another much weaker one in
winter (December-January). The amplitude of the seasonal criti-
cal-frequency variation increases wlth W. Thus, the values of
foE varied from 4.8 to 2.8 MHz in the eighteenth cycle and from
4.8 to 2.6 MHz in the nineteenth; those of f¢F1l varied from 6.7
to 3.6 MHz in the eighteenth and from 7 to 3.6 MHz in the nine-
teenth. Ionigzation intensity depends most conspicuously on solar
activity in the F2-layer (Fig. 1). The critical frequencies of
this layer varied from 14 to 5.3 MHz in the eighteenth cycle and
from 14.8 to 5.3 MHz in the nineteenth.

Minimum virtual heights. For the heights, the seasonal
variation can be traced easily and the cycle variation somewhat
less easily. The minimum effective height of the Fl-layer de-
pends on solar activity to a lesser degree than the height of the
F2-layer (Fig. 2). Over somewhat more than two solar-activity
cycles, the lowest values of h'Fl were reported in 1945 (h'F =
= 160 km). The heights not only of the Fl-layer, but also of the
F2-layer 1lncreased from 1947 to 1954. This may have been due to
some extent to the screening effect of the sporadic E-layer. In
years of the minimum, h'Fl varied for the most part through %20
km. During years of the maximum, the variations of the Fl-layer
height reached =45 km. Its height lncreased in winter and de-
creased in summer.

Two minima and two maxima are observed in the variations of
the F2-layer heights in each solar-activity cycle (Fig. 2): minima
on the ascending branches (1945-1946, 1955-1956) and descending /6
(1949-1950, 1961-13962) branches and maxima of the height h'F2 at
higher and lower solar activities.

The fluctuations observed on the curve of the F2-layer
height in the eighteenth cycle are wider than those of the nine-
teenth. Thus, h'F2 = 320 km in 1944, and 200 km in 1945, but in



1947, h'F2 fell from 370 to 250 km and remained at this level
until 1954. At this time, the winter values of h'F2 began a
progressive decrease, reaching 220 km by 1965. Like those of
the Fl-layer, the heights of the F2-layer showed a general rise
during the eighteenth cycle from 1947 through 1954. The upper
limit of the F2-layer height curve behaved somewhat differently.
From 1947 through 1950, h'F2 fell to 340 km, but from 1950 to
1952, the upper level of the height fluctuation rose to 390 km.
Then the upper limit of the F2-layer height curve began smooth
cyclical variations (summer values of h'F2). The greatest heights
of the F2-layer were observed in 1952 and 1958.

Greater F2-layer heights were observed when the F-region
was clearly separated into Fl- and F2-layers. If the ionization
minimum of the F2-layer is registered in June-July, greater
heights are also generally recorded in June-July. It was as
though an initial broadening of the layer was followed by a de-
cline in ionization. The F2-layer heights were smallest in
November-December. It is evident from the trend of the Fl- and
F2-layer heights that the height of the F2-layer decreased 1n
November and December, while that of Fl rose. It was as though
the F-region had been compressed. Density increased as a result.
While the lower boundary of the F2-layer helights rose during the
maximum in the eighteenth cycle, the lower boundary (winter wvalues)
of the F2-layer heights remained at the same level during the
nineteenth cyecle. Thus, the winter F2-layer occurred at the 220-
km level. While no cyclical pattern was observed for the winter
values of the F2-layer heights, such a pattern did emerge for the
summer values in the nineteenth cycle (Fig. 2).

On analyzing the behavior of the lower boundaries of the
ionosphere's F2- and Fl-layers in the eighteenth and nineteenth
solar-activity cycles, we note that the thickness of the Fl-
region was much greater during the strong nineteenth cycle than
in the eighteenth. It was as though the entire F-region rose at
the maximum of the nineteenth cycle and descended at its minimum.
The lower boundary of the region occurred at the 180-km level.

The F-region descended on the descending part of the solar-

activity branch (1960-1962) and rose again during the period of

the maximum. Both descent and contraction were observed in 1966-
1967. The stronger radiation during the nineteenth cycle as com- /7
pared with the preceding one naturally increased the temperature

of the gas and this, in turn, affected the physical parameters of

the ionosphere, including diffusion processes. It has been shown
that diffusion has a strong influence on the over-all electron-~
concentration balance at the maximum of the ionospheric layer [4].

State of the ionosphere at midnight. The nighttime state of
the ionosphere can be judged from the trend of the foF2 and h'F
curves (Fig. 3). The ionization varies in the same way at night
as it does at midday (in accordance with solar activity). The
strongest and weakest ilonizations coincide with the solar-activity
maxima and minima. Thus, in contrast to the eighteenth cycle,
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Figure 3. Critical Frequencies foE2 in Megahertz

and Effective Heights in Kilometers at Olh (75°E

Time), (W), and (9).

the lower frequency limit rose by approximately 2 MHz at the maxi-
mum of the nineteenth cycle, while the upper limit reached the
eighteenth-cycle level. A rise in the lower critical-frequency
level (winter values) is beginning again on the ascending branch /8
of the twentieth solar-activity cycle. A cyclical relationship
emerges for the summer values of f¢F2 — something that cannot be
sald of the winter foF2. The amplitude of the frequency fluctua-
tions during the maximum was approximately #3, #4 MHz, but %1,

+2 MHz during the minimum. In addition to the eleven-year cycle,
the seasonal variation is distinetly outlined. The lonization
maximum is observed in the summer and the minimum in winter.

The curve of midnight F-region heights (Fig. 3) shows clearly
the sharp variations of h'F during the eighteenth cycle and the
smoother ones during the nineteenth. No cyclical relationship is
detected. During the eighteenth cycle, h'F descended from 300 to
200 km from 1944 to 1956. The height of the F-layer rose from
200 to 370 km from 1945 to 1948 and then, during this same year,
dropped to 290 km, where it remained until 1958. A brief rise
was observed from 1952 through 1953, from 290 to 360 km. In 1958,
the height of the region began a progressive decrease, reaching
220 km in 1965; in 1966 and 1967, it rose again slowly. The sea-
sonal variation of the region's nighttime heights was faintly
discernible; it was subject to numerous fluctuations. As a rule,



however, a decrease in the heights is observed in summer and an
increase in winter.

To account for the patterns traced in the behavior of the
critical frequencies and especially in that of the heights of the
reflecting ionospheric layers, it must be assumed that the solar
cycles differ in respect to the nature of the radiation from
various regions on the sun. Like the radio flux at 10.7 cm, the
relative sunspot-number index cannot fully reflect the true fac-
tors that influence the ionized states of the ionospheric layers.
Thus, the decrease in the number of sunspots at the end of 1947
and beginning of 1948 may have been responsible for the disturb-
ance of the seasonal relationshlips in the variation of the F2-
layer critical frequencies and for the disappearance of the day-
time spring maximum of fyF2. The questions as to the decreased
summer ionization and the causes of ionization limiting during
years of high W and ¢ still remain unclarified. It has been
established in recent years that the number and nature of mag-
netic ionospheric disturbances are different in different solar-
activity cycles. Solar flares vary in energy and affect the
state of the ionosphere differently. It is therefore necessary
to continue study of the sun-geomagnetic field-ionosphere inter-
action.
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UDC 550.388.2

ON THE SELECTION OF A VERTICAL BASE IN THE
IONOSPHERE

V.I. Drobzhev

ABSTRACT: The problem of selecting a vertical base
in the lonosphere that permits registration of
vertical motions of small-scale ionization inhomo-
geneities of the ionosphere's F-region is dis-
cussed. The accuracy of calculation of the ver-
tical drift-veloclity component is estimated.

With 2 illustrations and 6 source citations.

It 1s known that the distance between receiving observation
poeints in space-diversity reception determines system resoclution,
l1.e., the spectrum of the inhomogeneities under study. For ex-
ample, a ground base from 100 to 1000 m in length is used in
study of the horizontal motions of small-scale ionization inhomo-
geneities (in the hundreds of meters) [1]. Clearly, study of
the vertical drift of this inhomogeneity spectrum requires a
measurement base of approximately the same order in the ionos-
phere.

Just as the side length of the measurement triangle (the
base) must not greatly exceed the spatial-correlation radius of
the diffraction pattern in space-diversity reception, the verti-
cal base must not greatly exceed the radius of frequency correla-
tion between signals at different frequencies. This would result
in weak similarity between the traces of a fluctuating signal ob-
tained simultaneously from different heights in the F2-region.

Since the literature offers no theoretical estimates with a
bearing on selection of vertical baselength, this problem has
been solved by experiment by adjusting the difference between the
simultaneously radiated frequencies (with consideration of the
fact that radio waves of different lengths are reflected from
different layers in the ionosphere) [61].

Figure 1 presents a typical specimen recording showing the
amplitude fading of a signal received simultaneously at different
frequencies. The photographic record shows the form similarity
of the R(t) fading curves (a similar fading-curve form is obtain-
ed on registration of horizontal drifts). Corresponding maxima
are shifted with respect to one another by the vertical drift of
small-scale inhomogeneities. Analysis of the records indicated
that a stable time shift is observed between the R{(t) curves ob-
tained simultaneously from different heights in the ionospheric

/11



—

Figure 1. Amplitude Fading of Signals Received
Simultaneously at Different Frequencies. The
Uppermost Trace Corresponds to f3; (Minimum Fre-
quency), the Second to f2, ete. Film Advance
Speed 50 mm/min.

F2-region at a frequency diversity of 2 to 60 kHz. If the diver-
sity Af > 60 kHz, there is usually either complete decorrelation
of the R(t) curves or excessively slow fading, evidently due to
vertical motion of large-scale inhomogeneities. At the same time,
there 1s a lower limit to the diversity Af, because the time
shift Tij is of the order of 0.1-0.15 second when Af = 2-5 kHz,

i.e., within the limits of reading error. Thus, a vertical base
that permits registration of the vertical drift of small-scale
inhomogeneities is obtained when the simultaneously radiated fre-
quencies are separated by 5 to 60 kHz.

The direction of the vertical drift is determined as fol-
lows. If the amplitude maxima or minima corresponding to the
R(t) curve for frequency fi: lag the amplitude maxima or minima
of the R(t) curves of frequencies f,, f3, and fy, drift is up-
ward; conversely, if they lead them, it is downward with respect
to the plane of the horizon.

To calculate Vv’ it is necessary to know the relative dif-

ference between the true heights (vertical base) that corresponds
to the simultaneously radiated frequencies. The true heights

were computed on a Minsk 1 electronic computer by the method de-
scribed in [2]. Here the experimental height-~frequency curve (h'f)
was broken up into a series of frequency intervals (Af) with Af

at 0.1 MHz, i.e., the true heights were computed at 0.1-MHz in-
tervals. By way of illustration, let us examine the true-height
interval corresponding to the frequency difference Af = 0.2 MH=z.

It was found that a relatlve difference Ah from 2 to 10 km /12
corresponds to Af = 0.2 MHz, with a most probable value of 5-6 km.
In view of the fact that the work was done simultaneously with
pulses of four different frequencies, for the most part with a
10-kHz shift, it is easily seen that a most probable vertical-
base value of 0.25-0.3 km corresponds to a Af of 10 kHz, 0.5-
0.6 km to 20 kHz, 0.75-0.9 km to 30 kHz, and 1-1.2 km to 40 kHz.



The distribution of the vertical-base values for various seasons
in 1965-1966 indicated that for times around the equinox (Septem-
ber 1965 and September and March 1966), the Ah corresponding to
Af = 20 kHz varies from 100 to 1100 m. The most probable value
of Ah is 400-500 my; for winter (January-February 1966), the most
probable vertical-base value is 500-700 m, and for summer (May,
June, July 1966), L400-600 m. The vertical base increases by a
factor of 1.5 to 2, respectively, for diversities of 30 and 40
kHz.

The most probable values of the time shift are 1.5-2 sec for
Af = 20 kHz and 3 sec for 30 kHz. Thus, the most probable value
of the vertical drift, defined as Vv = Ah/Tij, was found to be

approximately 200-300 m/sec. This value of VV is wvirtual, since

it is assumed that drift takes place in the vertical plane, just
as motion in the horizontal plane is assumed in calculaticon of
the horizontal drift (fading-similarity method) [3].

The accuracy of calculation of the vertical drift-velocity
component, which depends primarily on proper determination of the
vertical base, and, consequently, the accuracy of the true-height
calculation may be questioned. Here, accidental errors may arise
out of the following factors: the subjectiveness of the reading
taken in compiling the icnospheric records; the pulsed ionospher-
ic-sounding method; instability of the ionospheric sounder's
height-marker generator; the nonzero dimensions of the spot on
the cathode-ray tube, etc. With consideration of these errors
and the details of N(h)-profile processing in our experiment, the
error of vertical-base measurement determined by the formula
Ae = #Kv/eA? was 23 km (K = 1). On this basis, the most probable
value of Ah = 6 km corresponding to the frequency interval Af =
= 0.2 MHz will be *3 km, or the most probable vertical-base value
(for Af = 20 kHz) will be 500-600 # 300 m, i.e., the accuracy of
vertical-base calculation in this case is approximately 50%. It
is readily noted that the accuracy of calculation of Ah from the
segment of the h'(f) curve corresponding to Af = 0.3 MHz increases
to 30%, or to 20-25% for Af = 0.4 MHz.

Thus, the vertical component of drift rate can be determined
by this method accurate to 20-30%. The principal use made of
these results was in construction of the diurnal variation of the
magnitude and direction of Vv’ in which no fewer than 20 values

of VV were averaged for each hour of the day. We know from the

theory of accidental errors that in this case the root-mean-
square error of the average (independent measurements) is reduced
by a factor of vn, where n is the number of measurements. Conse-
quently, the accuracy of calculation of V& for each hour is in-

creased to 10-15%. If K = 2, the error of calculation of h equals
+6 km.
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A number of other methodological questions arise in study
of the vertical drift of small-scale ionization inhomogeneities:
whether the vertical base remains constant over the time of drift
registration, and the extent to which representation of the true-
height segment corresponding to Af = 0.3 MHz by a line segment
is Jjustified.

Actually, the ionospheric records from which the base is
determined are taken at 15-minute intervals (the time to record
a high-frequency characteristic is 20 sec). On -the other hand,

a drift session runs to 5-10 minutes, with the beginning or end
of the session generally coinciding with ionospheric recording.
The questions naturally arise as to whether the base remains
constant throughout the session and, if it does not, the amount
by which it changes. This was investigated on apparatus with
which the vertical base could be determined by a phase method.
The phase method of investigating the altitude distribution of
electron concentration (in accordance with the true-height calcu-
lation) that was proposed in [5] and developed in [4] is char-
acterized by high relative height accuracy (of. the order of the
wavelength of the working frequency), and this makes it possible
to evaluate the constancy of dh(t)/dt as a function of the time
of the drift-registration session. It was shown experimentally
in [4] that dga(h)/dt (q is the phase of the signal reflected from
the ionosphere) can be assumed constant to within 5-10% over the
time of a session. Figure 2 shows the Ah recorded at a fixed
frequency over 11 minutes (upper diagram), 5 minutes (middle dia- /14
gram), and 17 minutes (lower diagram). In the first case, the
value Ah = U450 m varies through 25 m as session time increases

to 11 minutes (the instability of the base is about 5%); it
varies by 15 m in the second case (5-6%) and 50 m in the third

(8%).

An analysis performed in this way on a large amount of sta-
tistical material (about 150 measurements) showed that the meas-
urement base remains practically constant over the recording time
for the vertical drift of small-scale inhomogeneities (5-10 m).

This conclusion is valid for constancy of the radiated-fre-
quency difference Af, which is determined by the instability of
the SP-3's smoothly variable local oscillator and ionospheric
sounder. The control voltage (jumping scan) is set by a stabi-
lized power source (0.5%), and its influence on Af does not ex-
ceed 500 Hz (at the maximum 100-V modulation of the 100-kHz local-
oscillator frequency). The short-term instability of the SP-3's
temperature-stabilized smooth local oscillator does not exceed
1.5 Hz/sec after a two-hour warmup [4]. For a sounding frequency
of 30 Hz, the frequency drift on successive switchings to f; and
f, does not exceed 0.5 Hz. Thus, the total instability of the /15
frequency difference is of the order of 0.5 kHz (for the average
Af = 30 kHz).

10
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Figure 2. Vertical Base Ah as a Function of
Time. Recording: a) 11 minutes; b) 5 minutes;
c¢) 17 minutes.

As a rule, the true-altitude difference Ah corresponding to
a 0.3-MHz frequency interval was used in calculating the vertical
base. Then, depending on the shift of the simultaneously radi-
ated frequencies, Ah was divided into 10 parts for Af = 20 kHz,
6-7 parts for Af = 30 kHz, and sorforth. The justification for
using a linear segment to represent this height segment may be
questioned. Linearity could be estimated by experimental deter-
mination of the phase-frequency characteristic dq(f)/df for the
F-region [4]. The experiment indicates that the deviation from
linearity of the recomputed h'(f) characteristic does not exceed
5-10% in the frequency range all the way down to 0.3-0.5 MHz (with
a vertical base of the order of 500-600 m, this amounts to 50-
60 m). This conclusion is valid for segments of the h'(f) char-
acteristic remote from the minimum and critical frequencies of
the layer.

For study of small-scale inhomogeneities, the space-diver-
sity observation system consists of a single transmitter and
three receiving antennas. Because of the sphericity of the wave,
the virtual horizontal drift-rate component of the diffraction
pattern at the ground will be twice the drift rate in the ionos-
phere [3]. Since signals of different frequencies are registered
at the same point on the ground in frequency-diversity reception,
the apparent rate of the vertical motlon measured at the ground
will be equal to the rate of the motion in the ionosphere (there
i1s no need to take wave sphericity into account).
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UDC 550.388.2

INFLUENCE OF VERTICAL DRIFT OF SMALL-SCALE
IONIZATION INHOMOGENEITIES ON THE DIURNAL
VARIATION OF foF2

V.I. Drobzhev

ABSTRACT: The diurnal variations of the critical
frequencies of the 1lonospheric F2 region may be
influenced substantially by the 12-hour component
of the vertical drift of small-scale ionilzation
inhomogeneities, which enables us to explain a
number of characteristic aspects of the diurnal
behavior of foF2: the appearance of the forenoon
maximum of feF2 and the evening ionization maximum.
With 1 illustration and 6 source citations.

It is known that the ionospheric F2-layer differs substan-
tially from the simple Chapman layer, even on magnetoionospheric-
ally quiet days. This phenomenon is usually referred to as the
anomaly of the F2-layer. The authors of a number of works have
attempted to explain this anomaly in terms of charged-particle
drift, which is described by an appropriate term in the ioniza-
ticon-balance equation:

N —Q—pN—div (NV),

where N is electron concentration, @ is the rate of electron for-
mation, B is the recombination coefficient, and i1s the drift
rate.

In {1, 2], for example, the rapid increase in ionization (or
the rapid increase in the critical frequencies) in the F2-region
during the morning and the evening ionization maximum were asso-
ciated with the substantial east-west component of horizontal
drift that prevails at these times. V.N. Kessenikh [3] indicates

a possible effect of zonal drift on the diurnal variation of elec-

tron concentration, suggesting that the real displacements of air
masses in the ionosphere at a velocity of 100 m/sec for middle
latitudes should introduce qulte drastic changes into the pattern
of the "mathematical ionosphere."

Such a comparison with consideration of experimental re-
sults on the vertical drift of small-scale inhomogeneities will
unquestionably be of substantial interest.
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Figure 1. Diurnal Varia-
tion of Critical Fre-
quencies foF2 Averaged
Over May-July 1966 (a);
12-Hour Component of
Diurnal Variations of
foF2 as Resolved by
Buys Ballot System (b);
Diurnal Variation of
Vertical Drift-Rate
Component (c).

To judge from curve a (Fig. 1),
the critical freauency is 5.5 MHz at

midnight; at Hh, it reaches a mini-
mum of U.7 MHz. The critical fre-
quencies increase sharply from 6h to

11-12",  The largest increase (7.45

MHz) occurs at about 11 hours 13
minutes. A second, early-evening
critical-frequency minimum (6.5 MHz)
occurs at 18 hours. Also character-
istic for this curve is the evening
maximum of f,F2 at 21R. Thus, quali-
tative and quantitative analysis of
the diurnal curve indicates that the
critical-frequency varliations are
described for the most part by a
24-hour harmonic and only to an in-
significant degree by an indistinct
l12-hour component.

Since the experimental diurnal
curve of the magnitude and direction
of the small-scale inhomogenelty
drift rate vertical component is de-
scribed preferentially by the 1l2-
hour periodicity of the motion, 1t
became necessary to isolate the half-
day component from the diurnal curve
of the critical frequency foF2. The
Buys Ballot system, a means of bring-
ing out latent periodicities [4], was

was used to permit direct comparison of these curves.

The 12-hour periodicity was brought out more distinctly by
analysis of the over-all curve b (Fig. 1). It is easily seen
that f,F2 increases to 6.3 MHz above its median value between
6 and 13 hours and 18 and 1P; from 1 to 61 and from 13 to 18h, it
diminishes, with a minimum deviation of 0.65 MHz from the median.
The same figure (Fig. 1lc¢) shows the curve of the diurnal changes
in the magnitude and direction of the small-scale inhomogeneity
drift rate vertical component, also obtained for the summer of

1966 (May, June, July) [6].

From 8 to 13 and from 19 to 24 hours,

the drift is upward; from 24 to 8 and from 13 to 19 hours, it is
downward with reference to the plane of the horizon (all refer-
ences are to local zone time). Analysis of these curves indi-
cates that the increase in the critical frequencies f¢F2 coin-
cides basically with the upward direction of drift, and that the
decrease corresponds to downward drift.

The possible contraction of the lonosphere after daytime
warming is regarded as one of the causes of the evening ionization
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maximum [5]. However, there is some question as to whether the
ionosphere could contract within a comparatively short time —
1-1.5 hours — to such a degree as to bring the critical frequency
to the level of the midday value 1n some cases. With sunset,
moreover, the process of electron neutralization is intensified.
Thus, it appears to us that an additional mechanism is required
to compensate neutralization of the electrons. The occurrence of
the evening foF2 maximum coincldes with the maximum of VV = 20

m/sec (directed upward) that occurs at this time. It may there-
fore be assumed that the additional mechanism is vertical trans-
port of ionization from the lower ilonosphere. On the other hand,
the forenoon and early evening critical-frequency minima appear
to result from vertical transfer of ionization downward from the
F-region.

According to Chapman's theory, the maximum of the critical
frequency foF2 should occur at local noon. However, it was found
in study of f¢F2 as a function of time of day at the Alma-Ata
ionospheric station and at other points that the f£oF2 maximum is
shifted away from noon by about 1-2 hours, occurring at 11-12
hours. This departure from the behavior of the hypothetical Chap-
man F2-layer is known as the diurnal anomaly. The diurnal anom-
aly can also be explained from the standpoint of allowance for
vertical drift. In fact, the maximum of f¢F2 at 11-12 hours
coincides with the maximum upward vertical component of the drift
rate, which occurs at approximately the same time. The decrease
in foF2 begins with reversal of the direction of drift (at 12
hours 00 minutes).

Thus, it follows from the above that the diurnal variations
of the critical frequencies of the ionospheric F2-region may be
substantially influenced by the 12-hour vertical-drift component
of the small-scale ionization inhomogeneities, which enables us
to explaln a number of characteristic features of the diurnal
variation of fo¢F2, e.g., the appearance of the forenoon maximum
of f¢F2, the evening ionization maximum, etec.

In our opinion, the significance of the 2U4-hour component /19
of the diurnal variations of VV results not from any real ioniza-

tion transport, but from peculiarities in the variation of the
electron formation rate function Q and the loss coefficient B.
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UDC 550.388.2

IONOSPHERIC MAGNETIC PHENOMENA ASSOCIATED WITH
PROTON FLARES

~
no

M.P. Rudina and N.F. Solonitsyna

ABSTRACT: The state of the ionosphere above sta-
tions in Kazakhstan 1is examined in connection
with the proton flares of 7 July, 28 August, and
2 September, 1966. The experimental data are
analyzed and reduced by the customary method.
Universal Time (UT) is used. It is established
that a proton flare causes increased radio ab-
sorption (the ionization of the D-region is en-
hanced, and the minimum reflected frequencies
decrease); magnetic storms and ionospheric dis-
turbances are observed on the earth one-and-a-
half to two days after some proton flares.

To ascertain the influence of proton flares on the state of
the earth's magnetic field and ionosphere, the pericds from 5
through 11 July, 27 August through 6 September, and 18 through
22 September 1966 were studied in data from the combined mag-
netic-ionospheric stations in Kazakhstan: those at Karaganda,
Novo-Kazalinsk, and Alma-Ata. If we accept the convention that
flares are proton flares if, in addition to increased intensities
in the x-ray and ultraviolet regions of the spectrum, they eject
appreciable numbers of protons — no fewer than 10? protons/cm?
with energies of ~100 MeV — then proton flares were observed on
7 July at 00 hours 22 minutes, on 28 August at 15 hours 26 minutes,
and on 2 September at 05 hours 45 minutes [1, 2]. Ordinary
chromospheric flares were recorded from 18 through 22 September
[3]. We have examined this time segment to compare the effects
of proton and nonproton flares.

In most cases, solar flares, and the intense ones in par-
ticular, result in changes in the parameters characterizing the
state of the earth's magnetic field and ionosphere. In the con-
ventional approach [4], the state of the ilonosphere is considered
to be disturbed and is evaluated in points on a scale when the F2-
layer critical frequencies (AfoF2) deviate by at least 20% from the
median values and departures from the usual structure of the layer
are observed for several hours. Magnetograms were inspected to
evaluate the state of the earth's magnetic field with the degree
of disturbance determined from the K-index; for the ionosphere,
the deviations Af(F2 were the principal subJect of study. In the
case of detailed investigation of the ionosphere's structure,
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height-frequency characteristics fo = ¢(h') obtained at 5- and
15-minute intervals were analyzed. The true N(h) profiles were

computed.

"Hook" disturbances 1in the earth's magnetic field were
observed at the times of the 7 July and 2 September flares.
No such disturbances were registered during the period from 18 /21
through 22 September. Ionlzation in the D-region of the ionos- -
phere increased during this time (Figs. 1, 2). We Jjudged the
jonization increase in the D-region from the increase in the
minimum frequencies (fmin)' On the seventh of July, an increase

in fmin was observed for approximately two hours, with the larg-
est values at Alma-Ata (Afmin 327%). On the second of Septem-

ber, fmin was not measured during the first hour of the flare

because of the sharply increased absorption (B-index). During
the hours that 1<llowed, the largest deviations of fmi were re-

n
ported at Karaganda (Afmin = 190%).
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Figure 1. AfbE_, AfoF2, Af

AhpF2% from 5 July Through 11
August 1966. 1) Karaganda; 2) Novo-Kazalinsk; 3) Alma-Ata.
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Figure 2. AbeS, Afomin, AfpF2, and AhpF2% from 27 August Through

6 September 1966. 1) Karaganda; 2) Novo-Kazalinsk; 3) Alma-Ata.

The critical frequenciles increased slightly in the F-region
at the times of the flares. When the flare occurred on 28 August
the ionosphere above Kazakhstan was on the night side, and no
wave effect appeared. Nor did it appear from 18 through 22 Sep-
tember, during a period of ordinary choromspheric flares.

Storms began in the magnetic field approximately 22 hours
after the flares of 7 July and 28 August, when the geoceffective
corpuscular stream arrived at the earth. The storm was moderate
in the first case and mild in the second, increasing to moderate
on 30 August and continuing until 23 hours on 1 September. The
earth's magnetic field had not quite had time to quiet down when
another proton flare occurred at 5 hours 45 minutes on 2 Septem-
ber, and a major storm began in the magnetic field on 2 September
at 8 hours 23 minutes, continuing until 17 hours on 6 September.

The major storm may have resulted from the combined action
of several flares, including nonproton flares, which occurred on
30 August at 15 hours 45 minutes and 31 August at 1 hour 12 min-
utes [2]. During the period from 18 through 22 September, a
moderate magnetic storm was registered from 2 hours 52 minutes
on 19 September until 20 hours on 20 September, with occasional
flareups until 14 hours on 21 September, the latter probably due
to a complex of chromospheric flares [3].

The corpuscular effects of the flares 1n the ionosphere al-
ways took different forms. After the flare of 7 July, the
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ionospheric disturbance began 21 hours 40 minutes later and did
not exceed 1 point. At Karaganda, it was single-phased and nega-
tive, with a deviation Af F2 = -24.5%; at Novo-Kazalinsk, it was
single-phased and positive with AfyF2 = +27.4%; at Alma-Ata, it
was two-phased negative-positive with maximum deviations of

AfoF2 = -22.7% in the negative phase and AfoF2 = + 24.2% in the
positive phase (Fig. 1)

On 30 August, approximately two days after the flare of 28
August, an ionospheric disturbance began above the Kazakhstan /23
stations (Fig. 2). It was more intense than the preceding storm,
and a positive phase was observed at all stations. Its inten-
sity reached -3 at Karaganda, +3 at Alma-Ata, and *2 at Novo-
Kazalinsk. In addition, it was two-phased negative-positive at
Karaganda, positive-negative at Novo-Kazalinsk, and single-
phased positive but gquite intense (+3) at Alma-Ata. While the
intensity was 1 after the flare of 7 July, an intensity of %2
predominated after the flare of 28 August. The flare of 2 Sep-
tember caused a very strong (£3) and persistent disturbance in
the ionosphere, with a negative phase at all stations (Fig. 2).
It began gquite a bit earlier than the disturbances following the
first two flares. A single-phased negative disturbance was
registered over Karaganda and Novo-Kazalinsk, with maximum devia-
tions of AfyF2 = -47.3% at Karaganda and Af,F2 = -47.7% at Novo-
Kazalinsk. At Alma-Ata, it was two-phased positive-negative and
stronger and more persistent than at the other two stations. The
maximum deviations were AfoF2 = +37.5% and -58.1%. On 4 Septem-
ber, a day-long three-point negative disturbance was observed
above Kazakhstan according to data from all three stations (Fig.
2).

The critical frequenciles were observed to be stable during
the disturbances, especially at the maxima of the negative storm
phases. As a rule, the heights of the layer maximum hpF2 (Figs.

1l and 2) and the beginning of the layer, h'F, increased sharply
at the beginning of the negative phase. Where the disturbance
was positive, these helghts decreased. The height changes were
particularly marked at the beginnings and at the maxima of the
phases. The heights hpF2 and h'F varied less strongly during

positive disturbances than during negative disturbances.
According to data from the Karaganda station, the limiting

frequencies of the sporadic Es—layer increased from 8 to 11 hours

on 8 July. The heights h'ES showed no appreciable change. Very

high limiting frequencies were observed on 11 July at the three
stations, and also on 10 July above Alma-Ata and Novo-Kazalinsk.
The shielding frequency beS increased during this time. The

limiting frequencies were higher from 5 to 7 hours on 31 August
over Karaganda. No particular changes 1in ES were reported after
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the 2 September flare if we discount a slight increase in the
limiting frequency foES at Alma-Ata from 00 to 5 hours on 6

September and at Novo-Kazalinsk from 9 to 13 hours.
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Figure 3. Y (km); h™(km); NT[x10%, el/cm®];
n[(x10', el/em®]; N[x10"*, el/cm®] from 30
August Through 6 September 1966, According to
Data from Alma-Ata Station.

Analysis of five-minute recordings of the height-frequency
characteristics indicated that the structure of the ionosphere
varied in a complex manner during the active phases of the dis-
turbances. In addition to the sporadic formations, there were
reflections from interlayers and a G-region. The behavior of
the ionosphere from 18 through 22 September 1966 permitted the
conclusion that the ordinary chromospheric flare caused no dis-
turbances in the ionosphere or geomagnetic field. However, this
conclusion cannoct be regarded as final, since there is as yet
no precise definition of the proton flare [5].

It was found that a decrease in ionization at the maximum
of the F-layer (Nmax) on the N(h) profiles, such as that on 4

September 1966 (Fig. 3), when a negative disturbance phase was
observed, was accompanied by an increase in the half-thickness

(ym). The height hoox of the ionization maximum varies in anti-

rhase with the half-thickness. The ionization at levels corre-
sponding to 100, 110, and 130 km varies in synchronism with Yoe

An increase in half-thickness indicates expansion of the layer,
obviously due to heating through dissipation of the energy of
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magnetohydrodynamic waves passing downward through the lonos-
phere [6]. During the main phase of the disturbance, the total
ionization (n) and the ionization at the maximum fell off mark-
edly. The electron concentration varied for the most part at
heights above 130 km and most strongly near the layer maximum.

From comparison of the effects of proton and nonprcton
solar flares in the earth's magnetic field and ionosphere, we
have found that proton flares caused increased absorption of
radio waves and magnetoionospheric disturbances. The aggregate
of magnetoionospheric disturbances caused by proton flares is
complex and varied, and the number of periods studied 1s inade-
quate to permit any definite conclusions as to the nature of the

action of proton flares on the earth's ionosphere and geomagnetic

field at this time. Research is being continued in this direc-
tion during the 1969-1970 solar maximum activity (IASY).
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UDC 550.388.2

PARAMETERS OF SMALL-SCALE IONIZATION INHOMOGENEITIES
IN THE F-REGION OF THE IONOSPHERE

V.I. Drobzhev

ABSTRACT: The results of a study of the param-
eters of small-scale lonization inhomogeneities
of the ilonosphere's F-region for October-November
1965 and January-February 1966 are presented. It
is shown that the wrost probable values of the in-
homogeneity parameters are as follows: degree of
anisotropy 1.4-2; vertical dimension 200-400 m;
horizontal dimensions along major and minor axes
400~-1000 and 200-600 m, respectively; rate of
chaotlc motions 30-60 m/sec; lifetime 6-9 sec.
With 1 illustration and 8 source citations.

In September 1965, working with the Ionosphere Sector of the
Academy of Sciences of the Kazakh SSR, the author began reduction
of observational results on movements in the F2-region of the
lonosphere by the method of complete correlation analysis; even-
tually, 289 recordings obtained in October-November 1965 and
January-February 1966 were processed. A Minsk-1 electronic com-
puter was used to calculate one auto- and six mutual correlation
functions from approximately 800 discrete amplitude values for
each recording. The formulas for calculation of the correlation
functions and estimating their errors are given in [1].

The characteristic Vé and virtual V' velocities along the

baselines and the correlation radius Tos are quite simply deter-
mined from the form of the correlation functions and the geometry
of the measurement triangle. It is sufficient to know V&, V',
and Tos to determine the inhomogeneity parameters of interest to
us [2].

The form and horizontal and vertical dimensions of the small-
scale inhomogeneities were determined by correlation analysis and
construction of the so-called characteristic ellipse — the el-
lipse of anisotropy. Its shape and orientation were used to cal-
culate the prolateness parameter 1 = a/b (a and b are the major
and minor axes of the ellipse), the angle o (the preferred direc-
tion of the prolateness), and Amax and Amin (the dimensions of

the ellipse along its major and minor axes. Strictly speaking,

it is the form and dimensions of diffraction-pattern spots on the
surface of the earth that are defined here. The extent to which
the properties of the diffraction pattern conform to those of the
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ionosphere remains to be determined. However, it has been
pointed out in certain theoretical studies that if the working
wavelength is shorter than the inhomogeneity dimensions and the
signal is shaped in a reflection region, the horizontal dimen-
sions of the inhomogeneities in the ionosphere and the pattern
on the earth's surface coincilde on the average [3]. In view of
this, we can speak only of certain effective inhomogeneity dimen-
sions.
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Figure 1. Distribution Histograms of a, Db)
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acteristic Ellipse; c¢) Degree of Anisotropy;
d) Direction of Prolateness; e, f) Magnitude
and Direction of Drift Rate; g) Inhomogeneity
Lifetime; h) Veloecity of Chaotic Motions; 1)
Vertical Dimension of Inhomogeneities.
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It is evident from the results of processing of the records
obtained in October-November 1965 and January-February 1966 that
the ratio of the axes of the characteristic ellipse varies from
1 (which corresponds to the 1sotropic case) to 3.8, with the most
probable value of 1 in the range from 1. 4 to 2 (Fig. 1lec). The
angle o varies from 0 to 60°, with a most probable value of 30-
}45° (Fig. 1d). The parameter 1 is not observed to depend on the
time of day or the season. The experimental values obtained for
1l and o confirm the previously posited shape anisotropy of the
small-scale inhomogeneities, with preferential orientation along
the magnetic field [4].

The shape anisotropy of the inhomogeneities can be explained
by the difference between the coefficients of diffusion along and
across the earth's magnetic lines of force (D;1 > D;). Here the
originally isotropic electron formation is stretched out in the
direction of the magnetic field. Calculations of the lifetime
and distension of the inhomogeneity confirm this hypothesis [5].

The horizontal dimensions of small-scale inhomogeneities
are calculated by the formula

A= 41,’05Vc,,

where Tos 1s the correlation radius, which satisfies the relation
plj(Tos) = 0.5; Vé is the value of the characteristic velocity

along the minor and major axes of the ellipse of anisotropy.

The distribution of the inhomogeneity dimensions along the

major (Amax) and minor (Amln) axes of the characteristic ellipse

1s shown in the figure. To Judge from the histograms, the in-

homogeneity dimensions vary from 200 to 2200 m for Amax and from

200 to 1400 m for Amin’ with dimensions of the order of U400-1000

and 200-600 m encountered most frequently along the major and
minor axes, respectively. It must be noted that these values are
in rather good agreement with calculated values for the linear
scale of the inhomogeneities [6] and with the results of experi-
mental studies by other authors [4].

Recordings obtained in October-November 1965 (by frequency-
diversity reception) were used to evaluate the vertical dimensions
of small-scale ionization inhomogeneities. The determination of
A was based on a simplified model [7]. Assume that the lonos-

phere is sounded by pulses at four frequencies f;, f2, f3, and fu,
with Af = |f, - 1|, |fs - £2| etec. <f1, f2, f3, fy. These four /30
waves are reflected from their different levels in the ionosphere.
Then Af = |f, - fi1]will correspond to 4z = |z, - z;|, the shift

of the reflection levels of the waves with different frequencies;
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z1 and z2 are the respective distances from the surface of the
earth to the points of reflection of frequencies f; and f,; Af =
= |f3 - £1| will correspond to Az = |zs - z1| ete. The distance
between the reflection levels will increase with increasing
separation of the simultaneously radiated frequencies. The ef-
fect is that of two screens with random field distribution. The
mutual correlation coefficient Rij/ij =1, 2, 3, 4 may serve as

a quantitative index to the property similarity of these targets.
The mutual correlation coefficient is 1 for a frequency separa-
tion Af = 0|Az = 0|. The Az will increase and the R; 4y decrease

with increasing Af, since the field on the screens will show
greater differences in detaill.

In practice, the fields can be assumed independent 1f the
mutual correlation coefficient Rij < 0.5. This value of Rij is

known as the radius of the frequency correlation [8]. The shift
Az of the reflection regions corresponding to the frequency-cor-
relation radius can be taken as a certain effective vertical di-
mension of the small-scale inhomogeneilities [7]. Generally speak-
ing, this holds if the inhomogeneous structure of the fields cor-
responds to the inhomogeneous structure of the medium itself.

The method and results of calculation of the frequency-correla-
tion radius and AZ — the reflection-region shift — are set forth

in [8].

It was found that the effective vertical dimensions of the
small-scale inhomogeneities vary from 100 to 2000 m, and that di-
mensions of the order of 200-400 m are most frequently encount-
ered. No particular dependence of the vertical dimensions on
time of day was detected; there was only an insignificant ten-
dency toward smaller dimensions with the transition from day to
night.

Comparing the experimental data obtained on the vertical di-
mensions and the results of horizontal-dimension measurements,
we may conclude that the inhomogeneities are characterized by an
approximately volume-symmetrical shape (considering the small
anisotropy of the inhomogeneities in the horizontal plane, 1 =
= 1.4 -~ o, and the simplifying assumptions adopted in calculatio
of the vertical and horizontal dimensions).

Regular drift of inhomogeneities. The drift rate was deter-
mined from the relationship

V.'?

~N
[

VD=WH {2~

where Vé is the characteristic velocity in the direction of drift
and V' is the virtual velocity obtained from the time shifts of
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the cross-correlation functions.

Drift-rate magnitude and direction distribution histograms
are given in Fig. 1 (e, f). We find that regular drift occurs
in the F2-layer with velocities from 0 to 200 m/sec. The most
probable veloclty values lie 1in the range from 20 to 60 m/sec.
Comparing these results with data on the distribution of the
drift velocities V' determined by the fading-similarity method,
we soon note that the drift rate Vd is usually smaller than V'.

Chaotic motions are evidently an important factor in the motions
of small-scale inhomogeneities. The method of complete correla-
tion analysis takes these motions into account, so that

Vo <V’

Chaotic motions are also important in the ionosphere. The
rate of the chaotic processes was calculated by the following for-
mula in the application of correlation analysis:

V=g VVI—VE,

where Vé is the characteristic velocity and V., is the regular

D
drift rate.

Generally speaking, there is no clear physical interpreta-
tion of VC, although it characterizes to some extent the degree

to which chaotic variations affect the state of the diffraction
pattern at the surface of the earth. The velocity of the chaotic
motions varies from 1 to 150 m/sec, with the most probable wvalue
of Vc in the range from 30 to 60 m/sec (Fig. le). Considerable

interest attaches to the distribution of the velocity ratio of
the chaotic motions and the regular drift, i.e., Vc/ VD. It 1is

found that VC/VD varies from O to 3.5, with values of the order

of 1 and 2 encountered most often. Consequently, the rates of
chaotic processes exceed the regular drift velocities of the
small-scale inhomogeneities.

The correlation analysils indicates that the rates of the /32
chaotlc variations are related to another parameter, Tc, which

characterizes the dissolution of the inhomogeneities in the rela-
tionship

v
T =2t ==
(J 05 Ve ’
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where Tos 1s the time correlation radius, Vc is the rate of the
chaotic processes, and Vé is the characteristic velocity in the

direction of the drift velocity.

The results of calculation of Tos the "lifetime" of the in-
homogeneities, appear in Fig. lg. L varies from 3 to 15 sec.
The most probable value lies in the 6-9-second range.

The dissolution of small-scale inhomogeneities 1s governed
by diffusion processes, turbulent mixing of the medium, and also
possibly on the chaotic motions of the inhomogeneous formations
themselves. The contribution of each of these factors to the
chaotic variation has not yet been established, although 1t is
known that they play an important role in the behavior of the
ionosphere.

CONCLUSIONS

1. The experimental results confirm the prolateness of small-
scale inhomogeneities with 1 ~ 1.4 - 2 and the most frequently
encountered o ~ 30-45°,

2. The horizontal dimensions of the inhomogenelties along
the major and minor axes of the characteristic ellipse are 400-
1000 and 200-600 m, respectively. The most probable vertical
dimension of the small-scale inhomogeneities 1s 200~400 m, i.e.,
approximately equal to the horizontal dimension.

3. The velocities of regular inhomogeneity drift (30-40
m/sec) determined by the method of complete correlation analysis
were found to be lower than those calculated by the fading-
similarity method (40-70 m/sec). The chaotic motions have velo-~
cities of 30-60 m/sec.

4, The most probable value of the dissolution time Te of the

inhomogeneities is 6-9 seconds.
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RADIOASTRONOMICAL MEASUREMENT OF ABSORPTION
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T.K. Yakovets

ABSTRACT: Diurnal and seasonal absorption curves
measured by a radioastronomical method at Alma-Ata
during the IQSY (1964-1965) are submitted. The
apparatus is described. The dependence of absorp-
tion on solar flares is indicated.

During the IQSY (1964-1965), ionospheric absorption was
measured in the Ionosphere Sector of the Academy of Sciences of
the Kazakh SSR in the process of reglistering the cosmic radio
emission at 24.6 MHz. This method of measuring absorption (A2)
yields continuocus round-the-clock absorption data; 1t requires
uncomplicated equipment that does not include radio transmitting
devices and, consequently, does not create noise. This method can
be used to measure the anomalously strong absorption during
ionospheric disturbances, when the pulse method cannot be used
because of the strong absorption at low frequencies. This method
permits inferences as to the height of the absorbing region when
several riometers are used at different frequencies at the same
station [1] and can be used to study chromospheric flares on the
sun [2]. Unlike the pulse method, method A2 makes it possible
to measure the total absorption in the ionosphere, which can be
broken down into the absorptions introduced by the separate layers
[3, 4]. To obtain the final absorption data, 1t is necessary to
perform measurements throughout an entire year. Only then does
it become possible to construct a gquiet-day (unabsorbed-level)
curve. It 1s known that the cosmic nolse level is highest when
the iconization of the ionosphere is at minimum, i.e., in the
later hours of the night. To present the complete diurnal curve
of the unabsorbed level, therefore, it is necessary to have ob-
servations taken over the year at all sidereal times. The ratio
of the unabsorbed cosmic-noise level and the observed level at
the same sidereal time expresses the amount of absorption:

=—10 log FIZ— .

Here P is the power of the cosmic noise that has passed through é_i
the icnosphere and arrived at the receiver input and Py is the

power of the cosmic radio emission received by the receiver in

the absence of ionospheric absorption.
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Apparatus for registration of
cosmic noise. A simple apparatus
consistlng of an R-250M receiver,
an EPP-09 automatic recorder, and
a Yagli antenna (Fig. 1) was used.

A
The signal from the intermedi-
ate-frequency output of the re-
celver was fed through a cat?o?e
follower to a diode detector (D), . R.250" EPP-09
from whose load it proceeded to ] - n
the automatic recorder. The
record was calibrated with a noise
generator (NG), for which purpose
the nolse generator was connected Figure 1. Block Diagram
to the receiver input instead of of Apparatus for Absorp-
the antenna by means of a switch. tion Measurement.

The generator's output-power level

was set in such a way that the de-

flection of the recorder pen would correspond to the level of the
signal trace.

Stabilized power sources were used, ensuring stability of
the reception channel characteristics.

The antenna was pointed at Polaris. This polinting was
selected in order to reduce the stellar component during regls-
tration of the cosmic noise. The region of Polaris is seen at

a certain constant angle from any point on the earth. Even

though the region of the celestial sphere around Polaris. that

is beamed by the major lobe of the antenna pattern includes dis-

crete radio sources, the received noise level will not vary ap- 4_§
preciably over the sidereal day, since this entire zone of the
celestial sphere, rotating around Polaris on the celestial axis,
remains at all times in the beamed region, and the over-all radio
emlssion does not vary.

Results of measurements. Previously, we had processed
traces of the cosmic-noise intensity during the IQSY (1964-1965)
by a method developed by the Leningrad Arctic and Antarctic
Scientific-Research Institute [5]. The absorption values ob-
tained were of the order of 1.5-2.5 dB, or at variance with the
theoretically calculated absorption for this frequency (24.6 MHz).
In addition, the seasonal variation of absorption in 1965 was
found to be the opposite of that observed in 1964. Measurements
over this period were therefore reprocessed with consideration, of
procedure changes proposed by M.D. Fligel' and N.A. Kochenova
[IZMIR AN SSSR (Institute of Terrestrial Magnetism, the Ionos-
phere, and Radio Wave Propagation of the Academy of Sciences of
the USSR)].
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Diurnal variation

L,dB L,dB
; of absorption. In most
/7 i a8y I cases, maximum absorp-
gﬁ gg tion is observed at
- o noon (Fig. 2). On cer-
' : tain curves (January),
March 6] Sevtember the maximum is shifted

1 a4 toward the evening
gﬁ~v/“v,//ﬂL’\\“A\ zj_/\ﬂ—*/,v\LA\JﬂJ hours. In September
a0 ’ and October, the diur-

: nal variation of absorp-
May \ g6 October tion is less pronounced.

z§ %? The maximum absorption
00 00/v/~/\/\/ is 0.8 dB (May—June).
— R y - ~ Negative values indi-
9 ¢ &8 2 6.2 0 4 8 2 46 X cate that the power of
Figure 2. Diurnal Variation of Cosmic- the cosmic ragio egls—
Noise Absorption. sion was greater a
this time than the

noise power according
to the gquliet-day curve.

Such cases were possible because the guiet-day curve was derived
in accordance with the third maximum value for each hour.

L,dB
10

a6

a2

i v 174 ¥ K¢ N
Months

Pigure 3. Seasonal Variation of Absorp-
tion. 1) 1965; 2) 1964.

Seasonal variation of absorption. Absorption is consider-
ably stronger in the summer months than it is in winter (Fig. 3).
The lowest absorption values are observed in February and October.
The higher absorptions in December and January can apparently be
explained in terms of the winter anomaly. The seasonal absorp-
tion curves for 1964 and 1965 agree quite closely.

Absorption of cosmic noise during solar flares. To deter-
mine the manner in which absorption is affected by solar chromo-
spheric flares, we analyzed traces of the cosmic noise acquired
over three months (July, August, September) in 1966. It was
noted that absorption increased substantially during solar
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chromospheric flares. Larger absorption increases correspond to
more intense flares. Thus, the cosmic-noise level dropped to
zero during the flare of 2 September 1966. The absorption data
were compared with the minimum reflection frequency fmin and with
field-strength measurements. During the strong flares of 2 Sep-
tember and 9 July, the Dellinger effect intervened and the
signal from the radio station was not monitored. In the other
cases (31 August, 8 September,ld September), the minimum reflec-
tion frequencies increased over those of the quilet period, while
%he fiild-strength traces showed no effects from the flares
Table).

~
\O

CONCLUSIONS

1. In the majority of cases, the monthly-average diurnal
variation of absorption is quite clearly in evidence. The ab-
sorption maximum occurs during the midday hours and those im-
mediately preceding and following.

2. The seasonal absorption curve has its maxima in May-
July and its minima in February and October. The winter anomaly
is observed in December-January.

3. A distinct relation is traced between absorption increase
and chromospheric flares on the sun.
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M.P. Rudina and P.Ye. Kogzina

ABSTRACT: The influence of the solar eclipse ob-
served at Alma-Ata on 23 November 1965 on the
parameters of the ionosphere is examined. The
eclipse effect was manifested during the second
phase: the iocnizatlion of the Fl- and F2-layers
decreased and the minimum effective heights of

E and F2 increased due to recombination processes.
The manner in which electron density is distributed
over the levels was ascertained from analysis of
N(t) curves.

It is known that eclipses of the sun have appreciable in-
fluence on the ionosphere: electron content decreases, and the
effective layer heights, the distribution of electron concentra-
tion, and other characteristics undergo changes.

Data on the influence of the solar eclipse of 23 November
1965 on the ionosphere were acquired by vertical sounding. An
annular partial solar eclipse was observed during the morning
hours, with a maximum obscuration of 0.75 at 7 hours 37 minutes
(75° E time). The beginning of the eclipse coincided with sun-
rise (Fig. 1, a and b).

The parameters of the ionosphere on the day of the eclipse
and on control days were measured with an AIS ionospheric re-
corder. The ionospheric records were registered at l5-minute
intervals during the control period, every 5 minutes on the day
of the eclipse, and continuously during the eclipse. A computer
was used to obtain the true heights from the ilonospheric records,
and these heights were used to evaluate the effective recombina-
tion coefficient and determine the time relationships for the
altitude distribution of electron density.

Critical frequencies. On the day of the eclipse (Fig. la),
the stratification of the region into F-, Fl-, and F2-layers was
indistinct (L). The values of f¢Fl after the eclipse differed
little from the averages for the control days, while foE had de-
creased by about 0.5 MHz. During the entire period of sunlight
after the eclipse, reflections from the sporadic E-layer were ob-
served, with limiting frequencies up to 4 MHz.
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Figure 1. Curves of f and h'
on 23 November 1965, 75°E
Time. a) 1) Critical Ordi-
nary-Wave Frequency of F2-,
Fl-, and E-Layers 1n Mega-
hertz; 2) Limiting Frequen-
cies of ES; 3) Minimum Fre-

quencies; U4) Median Values
of TeF2, foFl, and foE for
Control Days; L) Absence of
Distinct Inflection Between
Fl- and F2-Layers; b) 1)
Effective Height h' of F2-
and E-Layers in Kilometers;
2) h'F1l; 3) h'E_; 4) n!

Smaller than Measured; 5)
Median h'F2 for Control
Period.
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The nighttime values of fyF2
on 23 November were higher than
those of the control period. At
about the time of maximum obscura-
tion, the critical frequenciles of
the F2-layer first increased and
then began to decline, reaching a
minimum 15 minutes before the end
of the eclipse.

A rise in the critical fre-
quency was registered during the
first half of the day after the
eclipse, with substantial fluc-
tuations of foF2 from hour to
hour. Before the end of the
eclipse and at noon, the ionos-
pheric records showed stratifica-
tions in the F2(G)-region. Dur-
ing the latter half of the day,
foF2 again varied from hour to
hour, but differed only slightly
from the critical frequencles for
the control period. The evening
ionization maximum was observed
from 15 to 16 hours. The effect
of the eclipse was also mani-
fested in the Fl-layer in the
form of a critical-frequency drop
after maximum phase.

Effective heights. The mini-
mum effective reflection heights
of the E~layer on 23 November 1965
(Fig. 1b) were greater by 20 km
than those measured in the second
phase of the eclipse. The heights
of the Fl- and F2-layers differed
little from the average values for
the control days. To judge from
the altitude variation, separation
of the F-region occurred during
the second half of the eclipse.
During this time, the height of
the F2-layer decreased twice: at
8 hours and at 8 hours U5 minutes.
The height values were greatest
when the lonization at the maxi-
mum of the F2-layer (critical fre-
quency) reached its minimum. The
heights of the Fl-layer varied in
antiphase with h'F2.
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The true helghts where calculated
from the ionospheric records by Baden's

; 38
method, using a Minsk-1 computer with s, s 2 ]
semiautomatic input of the coordinates N-10° e1/om g 2 “ ® _18Km
of the fy = ¢(h') curve. 22 gﬁ 1™\ _Vv

4 .“I |

=10

We see from the N(h) profiles 20 ;/ :
(Fig. 2) that, depending on the time )7 i
of day and the height of the level /8 ! %g
under consideration, the electron con- ] ! 180
centration N varies over a broad range: /6 20 :
maximum variations at 160 and 180 km 70
and a lag wilth respect to the maximum 44
phase of the eclipse were noted. At 160
heights below 150 km, the ionization 2
remains constant for a certain time
after maximum phase and then increases. 10 50
8
TABLE 1 6 140
. . PR [ — - ,‘.?0
y 104' 10 - 4q
:oh:;' and Ym, km Bmax, km Nl::f3 n, 10° cm™3 120
minutes 7 l 2 l 1 I 2 | 1 ‘ 9 | 1 l 2 Z 0
7.00 | 58.1174.4[233.4[234.3| 12,4 15.8 | 156 4203.9
7.156 | 70.1|77.3 {231.8 [223.1 | 15.6 | 22.9 | 195.2|267 .9
7.30 | 56.2 | 64.9 |197.5 285.9 12.8 gg.g éii'g gg;.;
2.3 |219.2 {207.2 | 14. . . . .
Toh | oo | 52s 15678 50000 | 134 | 27.0 | To7.5[301.0 Figure 2. Distribution
8.15 | 66.4 | 71.2 [194,5 {198.1 | 12.5 | 25.6 | 176.2{300.4 of Electron Concentra-
b\ s e | od\ 202\ EOGR0S  tion N at 10-km Inter-
a9 . - -
g:ég 1913'}:1 ?2:5 205.6 203.7 | 17.7 | 28.8 | 280.2/350.0 vals of True Height
9.15 | 79.1| 83,5 [199.5 [206.9 | 17.4 | 28.0 | 272.5/373.6 for 23 November 1965.

75°E Time; the Dashed

Curve Indicates the N
After 8 hours, N begins to in- on the Control Days.

crease, doing so more rapidly the

closer the particular level is to the

layer maximum. At 8 hours 30 minutes, the electron density at

the maximum of the F2-layer decreases; this is explained by the

stratification effect in the F2-layer. The electron concentra-

tion at this level decreased by almost half during the second

half of the eclipse. N(t) also varied rapidly at the beginning
and end of the eclipse.

Table 1 presents the calculated true half-thicknesses of the
F-region (ym), maximum heights (hmax)’ maximum electron densities

(Nmax)’ and total electron contents (n) for 23 November 1965 (col-

umns 1) and, for comparison, for the control days (columns 2).
To Judge by the manner in which the foynh' parameters wvary, the

true values of Nmax and n were, as we should expect, lower on the
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day of the eclipse than on the control days. The half-thickness
increase at the time of maximum phase was also different. This
process was accompanied by a decrease In electron density at the
layer maximum and a decline in the total electron content.

Minor fluctuations of the true F2-layer parameters were also
brought out between runs of measurements, but they are obviously
unrelated to the solar eclipse. The recombination coefficient
was calculated only after the maximum phase of the eclipse. The
recombinatign coefficient for the true height (180 km) was o =
= 1.0 - 10 °.

This account indicates the difficulty of ascertaining the
effect of the 23 November 1965 solar eclipse on the lonosphere,
since the period of the eclipse coincided with the nonsteady
processes observed during the hours around sunrise.

However, the following ionospheric patterns were brought out
during the eclipse: the critical frequencies of the Fl- and F2-
layers decreased, confirming the photon-ionization hypothesis;
the effective height of the F2-layer varied in antiphase with
foF2, confirming the existence of recombination; the effective
height of the Fl-layer varied little durlng the eclipse. Re-
combination may not have been responsible for the decrease in
Fl-layer ionization; the eclipse influenced stratification of
the F-region, retarding it; the critical frequencies of the F2-
layer varied substantially from session to session. At times,
stratification from F2 took place during periods of declining
foF2 owing to the interaction of the lunar tidal motions with
the geomagnetic field, with the resulting vertical charge redis-

tribution; during the eclipse, such parameters as Vs hmax’ etc.

varied insignificantly, apparently because of the ionosphere's
inertia; it is evident from analysis of the N(t) curves that the
layer at 180 km is most sensitive to ionizing radiation; the
rapid changes of N(t) during maximum phase and at the end of

the eclipse can be explained by the nonuniform distribution of
the ionizing radiation over the surface of the solar disk.
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APPARATUS FOR INVESTIGATION OF THE AMPLITUDE-FREQUENCY
RESPONSE OF THE IONOSPHERIC-SCATTERING CHANNEL

V.M. Krasnov and A.F. Yakovets

ABSTRACT: Equipment for investigation of the
amplitude-frequency response of the ionos-
pheric-~scattering channel is described. The
first experimental results are reported.

The ionospheric-scattering communications channel is a chan-—
nel with multipath signal propagation. This property results in
different transmission coefficients at different frequencies or,
in other words, nonuniformity of the channel's amplitude-fre-
quency response (AFR). The nonuniformity 1is expressed quan-
titatively in terms of +the ratio between the amplitudes at the
ends of the frequency band under study. AFR nonuniformity
is a random function of frequency and time, and is therefore
described statistically. AFR nonuniformity functions have been
obtained theoretically [1, 2] for channels at whose outputs the
signal-amplitude envelope has a Rayleigh or generalized-Rayleigh
distribution. By analogy with channels having constant param-
eters, a passband notion has been introduced for channels with
variable AFR. This is the frequency band in which the AFR non-
uniformity does not exceed a specified value with stated proba-
bility.

It is shown in [2] that the form of the AFR can be improved
substantially and the channel passband broadened by linear addi-
tion of uncorrelated signals in front of the detector. The pos-
8ibility of such improvement is very easily demonstrated by
qualitative arguments. It is known that the amplitude of a
signal with frequency fo at the output of the ionospheric-scat-
tering channel is a stationary ergodic process on a time segment
ranging into the tens of minutes. This means that any realiza-
tion of the process i1s characterized by the same statistical
parameters during the course of this time. By "realization" we
mean the amplitude envelopes at points separated in space. Add-
ing N spatially separated signals after first reducing them to
the same phase, we find that for large enough N, the resulting
amplitude will tend at any point in time to the product of N by
the average amplitude value obtained for one realization. A
similar result can be obtained at any other frequency near fy.

~
=~

Thus, we obtain a uniform AFR over a broad frequency band.
The only 1limit on bandwidth is the fact that it is impossible to
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Figure 1. Block Diagram of Apparatus for
AFR Measurement. 1) Receiver; 2) Logarith-
mic amplifier; 3) dc amplifier; 4) Reactive
element; 5) Sweep oscillator; 6) Recelver;
7) Logarithmic amplifier; 8) dc amplifier;
9) Motion-picture camera; 10) 50~Hz genera-
tor; 11) Modulator; 12) Transmitter.

effect linear amplitude addition in a broad band because of the
differences between the instantaneous phase-response character-
isties of the channel for different points in space.

A theory of AFR nonuniformity has been elaborated [1, 2] for
application to tropospheric-scattering channels and tested experi-
mentally [3] on results obtained for tropospheric propagation.

We have developed equipment for investlgation of the AFR of the
ionospheric-scattering channel.

AFR recording equipment for single and double reception (Fig.
1). Transmitter frequency was varied sinusoidally at 50 Hz in
the band fy3 kHz. The scanning frequency (50 Hz) was so select-
ed that the fixed-frequency signal amplitude would remain constant
during one scan of the frequency range. The receiving unit con-
sists of two identical amplifier channels with a 1-kHz IF band-
width. The frequency of the transmitter's receiver second local
oscillators is varied in the same way to track the frequency of
the recelved signal. Double reception of the transmitted infor-
mation requires a unit that compares the phases of the signals
that have passed through the different channels, a unit that con-
trols the phase of one of the channels, and an adder in which
coherent signals are added. However, these devices can be omit-
ted, to the considerable simplification of the apparatus, in an éﬂ_
experiment to determine the AFR with double reception. In this
case, the amplitudes of the separate channels are added during
reduction of the results, when the images of the AFR for the
individual channels have already been fixed on film.

Schematic diagram. After preamplification in a type R-250M
receiver, the second-intermediate-frequency signal proceeds to
the logarithmic-amplifier block. The amplifier block (Fig. 2)
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consists of an intermediate-frequency amplifier, a detector, a
logarithmic network, a dc amplifier, and a voltage stabilizer.
The two-stage intermediate-frequency amplifier i1s bullt around
tubes T16-T1l7 in a selective-gain circuit with resonance net-
works, and provides further voltage amplification of the signal
incoming from the output of the receiver's second intermediate-
frequency amplifier. The first stage used a 6Zh3P pentode with
a large static amplification factor. Linearity of the am-
plitude characteristic is ensured by use of an output-stage
tube with a linear grid-plate characteristic and deep negative
voltage feedback bridging both stages (networks R57, R99, R98,
R55). To obtain a high gain from a comparatively small power-
source voltage, the IFA output stage has the circuit autotrans-
former-connected into the plate circuit of tube Tl7. The series
resonance network (T3, C63, C6l4, C65) is used for the same pur-
pose.

f ¢
Input to 6N2P, 6Zh3P, CRT, 6Zh3P

f450 v

al

>l

Hal

Ll Dl o Dl MR D Dl o

N304

-
P4V D21- 24
> ~18 VAC
o,
IIZOU'.M !

Pigure 2. Logarithmic Amplifier Block. The Resistors and Capaci-
tors Marked with the Asterisk are Matched During Adjustment.

The detector serves to double the detected signal voltage
arriving from the output stage of the intermediate-frequency
amplifier. Its voltage-doubler circuilt operates on the voltages
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added across the load, whose circuit contains a microammeter. To
obtain a linear amplitude characteristic in the low-voltage
range, a constant positive voltage from the stabilized power
source is applied to the diodes.

The logarithmic network converts the voltage picked off
the detector load from linear to logarithmic. The logarithmic
unit is bullt around resistor R-118 and the 6Kh2P double diode
T18. The logarithmic mode is set up by regulating the bias
voltage in the cathode circult of the 6Kh2P tube. To eliminate
zero Arift, the filament and bias supplies to the 6Kh2P tube
are from the stabllized power source.

The dec amplifier further amplifies the signal arriving from /49
the output of the logarithmic network. The two-stage dc ampli- T
fier, whose output goes to the plates of the cathode-ray tube,
is built around tubes T19-T22. Its first stage 1s a balanced
series circuit based on a 6N2P double triode with a high static
amplification factor, and its second stage 1s a parallel balanced
circuit built around 6Zh3P economy pentodes. The variable resis-
tor R-124 serves for selection of the optimum drift compensation.
The constant component of the first-stage output voltage is com-
pensated by the voltage drop across resistors R-133 and R-134.
In addition, resistors R-126 and R-127 provide negative feedback
that reduces the influence of tube-parameter scatter on stage
performance. Resistor R-28 is a cathode-coupling element, and
variable resistor R-132 serves to shift the position of the beam
on the oscilloscope screen. The stabilized power source is
semiconductorized. The rectifier is a bridge-clrcult type
(diodes D21-D24). The high-rating capacitor C70 smooths the
ripple of the rectified voltage. The P4V transistor 1is the con-
trolled element of the voltage-stabilization network, the MPi02
transistor is the controlling element, and network D20/R-137 is
the sensing element. The function of variable resistor R-136 is
to set the initial operating point of the MP1l02 transistor.

The receiver can track transmitter frequency precisely for
long periods only when quartz master oscillators are used at the
transmitting and receiving ends; 1l0-kHz crystals were selected
for this purpose. To obtain sine waves with a frequency of 50 Hz,
the 10 kHz was pulse-divided by a factor of 200 and the sine waves
were separated in a narrow-band filter. The initial receiver lock-
on to the transmitter frequency is accomplished by phase-tuning of
the master oscillator with akipp relay.

The horizontal-sweep block (Fig. 3) consists of a quartz
master osclllator, a bilateral limiter, a bank of frequency
dividers, akipp relay, a square-wave generator, a normalizing
stage, a narrow-band amplifier, and phase-inverter and output
amplification stages. The self-excited gquartz oscillator whose
function 1s to generate a 10-kHz sinusoidal voltage of highly
stabilized frequency and amplitude 1s built around tube Tl 1n a /51
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Figure 3. Horizontal-Sweep Bluck. The Resistors and Capacitors
Marked with the Asterisk are Matched During Adjustment.

multivibrator circuit with the quartz plate in the negative-feea-
back circuit. Resistors R-7 and R-9 are disconnected for all
frequencies that are not equal to the crystal frequency, and deep
negative feedback appears in the circuit, causing damped oscil-
lations in the master oscillator. For frequencies equal to the
crystal frequency, the resistors are connected with one another
across the small series-resonance resistance of the crystal and,
taken together, form an automatic-bias resistor; self-excited
oscillations arise in the circuit. Resistors R-6 and R-8 produce
a negative feedback that reduces the influence of tube-parameter
scatter on stage performance.

In addition to matching the stages, the cathode follower

built around tube T2 acts as a clipper for the lower part of the
sine wave. Diode D1 clips the upper part of the sine wave.
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The frequency dividers are bullt around tubes T3-T6 in a

slave-multivibrator circuit. To preserve stability of the pulse
repetition frequency, the slave multivibrators are activated by the
leading edges of the triggering pulses. The division ratios of

the slave multivibrators are 1:5, 1:5, 1:4, and 1:2, respectively.
The function of the kipp relay i1s to provide variable delay of the
leading edges of the pulses incoming from the divider bank. The
kipp relay isbuilt around tube T7, also in a slave-multivibrator
circuit. By changing the wiper position on potentiometer R-51,
we change the grid bias of tube T7 and, accordingly, the current
flowing through the left half of the tube when it is open, there-
by increasing or decreasing the discharge time of capacitor cz2h
appropriately and, consequently, also the duration of the pulses
put out by the multivibrator.

The square-wave generator,

Pir-n) whose function is to generate
meander-type oscillations, 1s built
&0 around tube T8 in a slave-multi-
vibrator circuit. It is tripped
60 by the trailing edges of the pulses

incoming from the kipp relay. The
normalizing stage (T-9) serves for

# b a amplitude normalization of the
pulses coming from T-8. Limiting
2q is by plate-current cutoff at the

bottom and by plate-current satura-
» tion at the top. A sine wave with
; K
¢ ¢z a4 0F 08 a frequency of 50 Hz is separated
in the narrow-band amplifier from
the meander of the same frequency.
The amplifier is based on tubes

Figure 4. Distribution of
AFR Nonuniformity for

zge%uiggy gﬁgdéuiiei ?§f5 T-10-T-11 with frequency-selective
: z RC amplifiers and a double-T bridge
lustrate averaged results . . .
from eight measurement in the feedback circuit (R78-R80,
UnS g C37-C39). Negative current feed-
’ back (resistor R71) is used in the

circuit to stabilize the amplitude

of its output voltage. The signal
is fed to the selective amplifier through cathode follower T-10.
From the output of the narrow-band amplifier, the sine wave goes
to the phase-inverter stage T-12, then to the output stage T-12
[sic], and then to the output stage T-13-T-14. The cathode of
T-14 is supplied from a negative voltage source to secure the
necessary sweep on the CRT screen without voltage overloading of
the tubes.

~
n

The reactive element that controls the second local oscilla-
tor frequency in the R-250M receiver is based on tube T-15. Capa-
citor CLU7 is a high-frequency blocking capacitor. Control capa-
citor C48 is connected to the local-oscillator circult by means
of diodes T-15. The time for which the diodes are alternately
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unblocked and the control capacitor is connected to the local-
oscillator circult depends on the value of the voltage applied
to the diodes. Thus, the capacitance connected to the circuit
can be varied by varying the amplitude of the modulating volt-
age.

In February 1968, we made several AFR measurements at
18.695 MHz on a path 1400 km long during the night, when this
frequency exceeded the maximum useful reflected frequency.
Probability distributions were obtained for the AFR nonuniform-
ity for 1- and 2~kHz frequency bands (Fig. 4).
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A METHOD OF INVESTIGATING THE PHASE-RESPONSE
CHARACTERISTIC OF THE IONOSPHERIC-SCATTERING
COMMUNICATIONS CHANNEL

N
U7
w

A.F. Yakovets

ABSTRACT: A method 1is proposed for measuring the
fluctuations of the phase difference between vi-
brations at different frequenciles that result
from fluctuations in the scattering properties of
the medium through which the wave 1s propagated.
The measurement equipment 1s described.

It is known that the ideal communications channel, which
preserves the original form of the transmitted message, has a
uniform amplitude-frequency response (AFR) and a linear
phase-response characteristic (PRC). Deviations of the char-
acteristics from the ideal distort the signal. To evaluate
signal distortion, 1t 1s necessary to investigate the channel's
AFR and PRC experimentally. The PRC of multipath channels, which
include tropospheric and ionospheric scattering channels, are
statistical in nature. We can speak of some particular PRC form
only within the limits of a time segment shorter than the time-
correlation radius of the phase fluctuations. The probability
distribution function of the fluctuations in the phase differ-
ence between adjacent frequencies becomes the principal param-
eter determining the PRC. With consideration of these proper-
ties of the PRC, we propose a method for measuring the fluctua-
tions of the phase difference between adjacent frequenciles.

Two vibrations, one at a frequency exactly twice the
frequency of the other, are transmitted through a medlum whose éiﬂ
scattering properties are time-variable (Fig. 1, a and b). With
a constant distance between the receiver and transmitter and
constant scattering properties of the medium, the phase differ-
ence between the beginning of the positive half-waves at fre-
quency £ and the beginning of every other positive half-wave of
frequency 28 remains constant in time. Fluctuations 1in the
scattering by the medium result in fluctuations of this phase
difference. Henceforth, in speaking of a change in the phase
difference between different frequencies, we refer to the changes
caused by the scattering in the medium, as distinct from the
changes governed by the difference AQ between the frequencies
being compared. The method described is applicable to the lonos-
pheric-scattering channel.
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An amplitude-modulated wave arrives
at the input of the ionospheric-scatter-
ing channel. The spectrum of this wave

consists of a carrier u; = A; sin wt and a
two side frequencies up = Ay sin(w - Q)¢
and uz = A, sin (v + Q)t.

After passage through the channel, | a
each component has acquired its own

phase lead: ¢1, ¢, and ¢35, respec-—

tively. We shall be interested in the [
phase shift 4)0 - (bl or ¢2—¢1. To
measure these quantities, the incoming

signal 1s passed through filters tuned

to different spectral components. Then [~ b’
the carrier and one of the side fre- J J

quencies are mixed, and the modulating

frequency Q is separated at the mixer 0 Pt - .
output: sin{wt + ¢;) sin [(w - Q)t + : \ F ' l:b”
+ ¢o] = 1/2[cos(Qt + ¢1 - o) - Al g b
- cos(2wt - Qt + ¢o + ¢1)]. The side
frequencies are mixed in the other Figure 1. Diagrams of
mixer: sin[(w + 2)t + ¢ ]sin[(w - Q)t + Voltages at Outputs
+ ¢o] = 1/2[cos(2Qt + ¢, - dg) — of: a) Mixer Mz; a')
- cos(2Qt + ¢2 + ¢o]) and the doubled Limiter; b) Mixer M;;
modulating frequency is separated. The b') Limiter-amplifier
doubled frequency 1s then divided by two LA; b") Divider in

. two operating modes
to obtain um(9t+-3%1?) Thus, we have (solid line and

dashed 1line).
two audio-frequency waves: cos{(Qt + ¢ -

- ¢0) and cos(Qt + P), the phase dif-

ference between which is
Vaol(ze—31) 4 (zo—71)]-

This method is similar to the phase-invariant method sug-
gested for investigation of the scattering of ultrasound [1].
The same method was used in a study of ionospheric electron con-
centration [2]. In the phase-invariant method, three spectral
lines are also transmitted through the medium to be studied.
Then the carrier is mixed with the lower and upper side frequen-
cies. The result is two modulating-frequency vibrations with
phases ¢, - ¢; and ¢; - ¢9. The phase difference between these
vibrations 20 = ¢o + ¢ - 2¢; 1s twice the value of the phase in- /55
variant. The distributions of ¢, - ¢; and ¢y - ¢; are the same,
and the coefficient of correlation between these quantities can
be found. Once we know the correlation coefficient, it is simple
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to establish the relation between the statistical distribution
parameters of the sum and the summands. For example, the var-

iance

o) (5T o

2 = BLY
20 FeTL 2(1+R)

where R is the correlation coefficient between ¢, - ¢; and ¢g - ¢3.

Having measured the phase fluctuations and constructed the
integral distribution curve of A¢ for frequencies separated by
Af, 1t is necessary to determine how accurately this curve de-
scribes the fluctuations of the phase difference between dif-
ferent combinations of frequencies in the band Af, i.e., how
accurately the nonuniformity of the PRC in a given frequency
band can be described by the statistical parameters of the fluc-
tuation of the phase difference between the frequencies at the
ends of this band. The natural solution to this problem is to
break up the frequency band into segments and determine the R-
dimensional distribution function of the phase differences be-
tween the various frequencles. To begin, let us divide the fre-
quency band Af into two equal parts. Let the phase of the lower
frequency be ¢4(t), that of the middle frequency ¢;(t), and that
of the upper frequency ¢2(t). We shall denote the correlation
coefficients between the phases of adjacent frequencies by p,
and those between the end-frequency phases by R. We shall as-
sume that a substantial constant component is present in the
scattered signal, so that the distribution of the signal's phases
is close to normal. This condition 1s often satisfied for ionos-
pheric and tropospheric scattering.

Then the variances 02¢0, 02¢1, and 02¢? of the phases will

be the same, depending on the ratio of the constant to the ran-
dom components of the signal, and the varlances of the phase dif-
ferences will take the form

The phase differences are normally distributed with zero
mean, and we may therefore write the coefficient of correlation

between them as

Gy s s s s
:YJ"‘{.\ * 3‘,—’1" b 252?1\ }fil'—:) (1-'_1{)

S (1)
1}/1—@

2 1=

r

r==
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Now, knowing the correlation coefficient between the phase /56
differences A¢) and A¢d,, we can compute the integral two-dimen-
sional distribution function:

P(Az)<®, |8sl<d) = | (w82, A2) dld2) a0, (2)
S

Here wo(Ady1, Ady) is the two-dimensional differential distribu-
tion function and equals

1 [ 1 [5?12 oy Bbya ) Acp2 ]}

e = eXP,— Z
Z‘JA“-’I GA‘FI )/1—1'2 l 2(1—1’2) va‘?n c-\?n c-‘?z 32‘3?:

(3)

The evaluation of this integral is given in the appendix. Let us
examine the behavior of the curve in a particular example:

P18z <@, [Ap|<PI)

We take the experimental curve of the frequency-correlation
coefficient as a function of frequency separation from [3]. For
separation Af = 4 kHz, the correlation coefficient R = 0.5, and
for Af = 2 kHz, p = 0.84. We use Formula (1) to calculate the
correlation coefficient between the phase differences (r = 0.88).

Calculated values of the integral (3) for various parameters
@/0A¢2 are presented graphically in Fig. 2 (curve b). Curve a in

the same figure is the probability integral

Q/c

x2
P(| A | <D) = ;/'_zzfg‘ exp{——z—}dx.
0

The probability P(|A¢| < @) is expressed as a percentage
and determines the time for which the phase difference remains
in the range (-9, +®). On comparing the curves, we note that the
maximum divergence between them is observed at small values of

the limits & < 0.25 OA . With increasing ¢, the difference

2
P(|a¢] < @) - P(|Ad1]| < &, |Ad2| < @) decreases, to vanish at
®/c = 1.5. The coincidence of the curves at the point

%2

¢ = 1. g
> 9,
the measurement 1limit & to 1.5 OA¢2 means an increase in the limit

to 2.4 Opg, FOT |agq] .

becomes clear when we remember that an increase in
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N
-3

It£t is then necessary to di-
vide the band Af = 2 kHz into two

plrer) parts in order to Iimprove the
statistical picture of the phase-
80 difference fluctuation in the

band Af = 4 kHz. 1In this case,
60 R= 0.8 and p = 0.96. If r is

. calculated by Formula (1), we have
0 r = 1. Consequently, the phase
differences between the frequencies
fo and fo + 1 kHz and fo and fo + 2

% kHz fluctuate synchronously. Thus,
, — - the integral distribution function
a5 10 t5 20 25 g’ of the phase difference between
frequencies f¢ and fp + 2 kHz is
Figure 2. One-Dimensional valid over the entire 2-kHz band.
(a) and Two-Dimensional
(b) Phare Difference Thus, in order to calculate
Probability Distributilion the integral distribution function
Functions. of the phase difference in a fre-

quency band between all possible
frequency combinations within this
band, it is sufficient to calculate the two-dimensional distribu-
tion function of the phase difference between the frequencies
bounding this band and between one of the end frequencies and
the center frequency. This conclusion was derived for a band
bounded by frequencies whose correlation coefficient equaled

0.5.
DESCRIPTION OF APPARATUS

The signal — a carrier modulated by an audio frequency — 1s
amplified in receiver R and fed after conversion +to filters Fi,
Fy, and Fy, which are tuned to the converted carrier and lower
and upper side frequencies, respectively (Fig. 3). The selected
frequencies go to mixers M; and M,. The upper side and carrier
are mixed in mixer M, to yield the difference frequency Q.

The upper and lower side fregquencies are mixed in mixer M. é_ﬁ

The frequency 2Q 1s separated at the mixer output. The signal

with frequency 29 goes to limliter-amplifier LA for conversion of

the sine wave to square pulses. After division by 2 by a flip-flop

(2), the pulses (Fig. 1, b") go to the input of phasemeter A¢,

whose other input receives the frequency {. The phasemeter meas-

ures the phase difference between the comparison signals by meas-
uring the time interval between the leading edges of the a and B

pulses.

Note should be taken of one peculliarity of the division cir-
cuit. Depending on the state of the flip-flop, a positive voltage
drop across its output may result from either the first or the
second pulse (Fig. 1). For this reason, two phase meter readings
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differing by 180° may correspond
to the same value of the measured
phase difference.

The flip-flop may misfire as
a result of occasional deep fad-
ing of the signal, at which times
no signal is impressed on the
flip-flop input. In such cases,
the phase-difference fluctuations
will obviously group about two
values separated by 180°. This
does not give rise to any com-
plications in reduction of the
results, since it 1s sufficient
to shift one of the distribu-
tions obtained through 180° to
obtain the actual distribution.

The functioning of the ap-

Figure 3. Block Diagram of
Apparatus for Measurement
of Channel PRC. Fy, F1, Fo)
Filters; R) receiver; M;,
M,) mixers; LA) limiter-
amplifier; D) divider; A¢)
phase meter; AR) automatic
recorder.

paratus was checked with a signal reflected from the sporadic

E-layer on a 1400-km path.
by a frequency of 1 kHz.

The 18.5-MHz frequency was modulated
The phase difference between fre-

quencies separated by 1 kHz experienced slow fluctuations with

periods from 30 seconds to 2 minutes.

tuations ranged up to 4°.

APPENDIX

The amplitude of the fluc-

™~
el

EVALUATION OF INTEGRAL (2)

A method of evaluating iterated integrals of the form

- [}

I:_-X dx, S‘ dxsexp( —x12__ Zaxlxg——xgl’)
0 0

is given in [47.

However, solutlon of the integral taken in

finite limits is of independent interest and i1s important for

many applications.

An integral of the form (2) represents a

volume bounded at the top by the surface w,(Adr, Adn), and at

the sides by the planes A¢; = +& and Ad, = 0.

Since this wvolume

is divided into two equal parts by the plane A¢; = 0, Integral

(2) can be rewritten

zslﬁ 557’: } l—rﬁ(-)
C gy Any A0y
I

-l =
3., 52

SA'FI

D 3] 1
1 . oy 4 . S
I— [ d@z) [ ddzn) exp { Z(I_rg)[

Aq2

=
A
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We introduce the substitution of variables

Azq2 A=o2
—_—t —_ 2 —_—t 2 ——— s 2
BI—rya,, X0 and a7

X4 X
I= -%- Vi—-r® Y dx; j‘ dx, exp — {x,2 — 2rx;x; + %27}
0 —Xo
-2 % The limits of integration
X are expressed in terms of &:

A

P

4 == ‘—"—q‘)"'_“ 5 9 STy T e
/ XI' : 2(1___,.2) :2A7'|, X.., 2(1__7-1‘) :37;-

_12

H

Figure 4. Regions of Integra-
tion with Respect to the
Variables x:1, X2, and yi,

To reduce the expression in the
exponent to a sum of squares,
we convert to the new variables

ya-
X =" Y- aD "y,
Xz==Yy D'
Here a = -r and D = 1 - a?. The Jacobian of the transformation /60
%%?5%.==D~u_ With the new variables, the integral equals
1Y2
XzD‘ ] X1+GD—'/:y2
2
12—,“ 5 dy, S dy,exp {— y.> — y.°}-
—XzD": GD"'ty2

To reduce this integral to an ordinary definite integral,
we convert to the polar coordinates p and O, which are related
to y1 and y2 by y1 = pcos O.

y2=psin 0, dy,dy;=pdpiO.

The region of integration (Fig. 4) is broken up into four
triangles and the integration performed separately for each of
them.

1. In triangle ABC
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1

+ —B< O <arcctgaD's, 3=arcctgle. ,
X, —lal

2. In triangle ACD
0<BC =

S

0<p<x, - Sdnl—arcctgeDdNs) o
¢ Y a—arcety ab~':—0) 5(6).

3. In triangle ADE

<@ < . f__ D),
1<9 L0 y==arc tgl % }.

_ sin (arc stgaD ') .
0<9\X1 sin(m—arc :tg 1D~ ;—8)* C(O).

4. In triangle AEF

arcctgaD~ <O < 715

- XaD»
O<p< cos (=/2+8) °

The general form of the integral after evaluation of the
inner integrals will be

arc etgaD—

=2 (T e (2] +

A sin ©
=/2—3

wla—3 0

+ S’ dO[1—exp—b2(0)] —,Lj dO [1—exp—c2(0)] 4-

0 T

.{ I
-+ d@[l —exp-——| — T )ZJ
arc ~tg (D7 ( cos(.2+)

Subseguent evaluation of the resulting integrals is easily
performed numerically.
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RADIO-WAVE PROPAGATION AT FREQUENCIES EXCEEDING
MUF-F2 IN THE SHORT-WAVE BAND

~
[e)}

Ya.F. Ashkaliyev and V.I. Bocharov

ABSTRACT: The results of measurements of field
strength and signal/noise ratio on experimental
ionospheric—-scattering short wave radio links are
presented. It is shown that the seasonal and
diurnal variations of field strength are deter-
mined by features of the seasonal and diurnal varia-
tions of solar and meteoric activity. The role
of the sporadic E-layer in propagation of short
radio waves at frequencies exceeding MUF-F2 is
noted. With 5 illustrations and 2 source cita-
tions.

Little study has been devoted to the natural ccntraction of
the short-wave radio band during years of minimum solar activity
and at night. It is shown in [1] on the basis of the operating
frequencies actually used on radio communications trunk lines
that the frequency spectrum allocated for short waves is only
60% utilized during the day and 40% utilized at night. Conse-
quently, frequencies lower than recommended [2] (35-60 MHz) can
be used on ionospheric-scattering links. Special research is
required to establish the practical possibilities of building
communications systems to work by ionospheric scattering in the
short-wave range with conventional technical facilities. Such
experimental studies have been made in the Ionosphere Sector of
the Academy of Sciences of the Kazakh SSR on transmission paths
of various lengths (1965-1966).

Experimental method and reduction of data. The studies were
performed at middle latitudes on paths 1000, 1400, and 1650 km in
length, and at frequencies of 16.170 and 18.340 MHz. Standard
short-wave equipment was used at the transmitting and receiving

stations. The transmitters operated in the carrier-frequency
mode. The level of the radio-frequency voltage at the receiver
input was determined by the substitution method. The standard

was a signal from a GU~1A generator that had the same frequency
as the transmitter carrier.

The signals on the three radio links were registered on
paper tape by N-370 automatic recorders. The chart tape was ad-
vanced at a rate of 1.5 mm/sec. The average value E of the radio-
frequency signal at the receiver input was evaluated as the median
signal envelope level over two 1l0-minute measurement intervals
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during each hour (00.05-00.15 and 00.50-00.01). Below we de- /6
scribe the basic features of the signal scattered on lonocspheric
inhomogeneities, as well as its diurnal and seasonal variations.

General characteristics of the received signal. From the
very first sessions durlng which signals were received at fre-
quencies above the standard MUF of the F2-layer, a number of
characteristic peculiarities were noted in the time variation
of their envelope. On paths shorter than 2000 km, the manifes-
tations of these peculiarities were as follows: rapid and deep
variations of signal amplitude and, together with a component
having rather stable fluctuation characteristics, as in the USW
band, very strong surges with steep leading edges and compara-
tively slow decay. The appearance of these surges 1s accompanied
by a marked Doppler fregquency shift, which is manifested in the
form of whistles of various tones 1n code reception. This is
characteristic for reflected signals from dense layers of meteor-
ic iconization in the lower ionosphere. Along with the records
of signals scattered on electron-concentration inhomogeneities,
we observe traces with very slow and comparatively shallow re-
ceived-signal-amplitude variations. In most cases, such traces
are accompanied by the appearance of a dense E-layer at the mid-
point of the path.

Diurnal and seasonal variations of field strength. The
signal-level traces for frequencies of 16.170 and 18.340 MHz on
paths 1400 and 1650 km long were processed statistically to ob-

tain the median values for each hour (Fig. 1).

Characteristically, field strength increases during the
morning hours (09- 10h) as a result of the changes in the criti-
cal frequency of the E-layer (foE) during the course of the day,
since scattered-signal field strength is proportlonal to fiE.

The minimum level is noted during the morning (o7h). An evening
minimum (19-20 hours) is characteristic for the USW band; it is
shifted toward midnight (00-01 hours). This feature of the
diurnal variation of the scattered signal is explained very
nicely by features of the diurnal meteoric and solar activity
variations. On comparing the diurnal-variation data for the sig-
nals on these links, we note that the morning minimum on the
1650-km path was deeper, indicating a substantial meteoric com-
ponent in the received signal. A nocturnal maximum is observed
on the 1400-km path, but to judge from the depth of the predawn
minimum that follows it, the meteoric component does not pre-
dominate on this radio link. By comparison with the noctural /64
maximum, the depth of the predawn minimum on the 1650-km path

is 13 dB, while that on the 1400-km path is 2 dB. The maximum
field-strength variations over the time covered by the measure-
ments are 15 and 10 dB, respectively.

As we see from Fig. 2, the field-strength maximum on the
1400-km path (18.340 MHz) occurs in July, like the maximum of
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swarm; 3) 16, 17 MHz.

meteoric activity. This is quite natural, since the meteoric
component makes a substantial contribution to the total scattered-
silgnal level. There are no data for the 1650-km path in June and
July; during these menths, propagation was by reflection from

the sporadic E-layer (90% of the time).

Minimum signal values are registered during periods around
the vernal and autumnal equinoxes (February, September). Field
strength rises appreciably in November, apparently as a result
of the earth's passage through the Leonid meteor swarms.

Relation of signal level to

Eq-layer. Very strong signals ‘,02""1\7

were very often received, for

periocds of several minutes and

longer, and even for several hours 00

on certain days. The high-level

signals are most frequently ob-

served during the daytime and for 00

the most part in summer (May-

August). During spring and

autumn, high-level signals appear w0

much less frequently. On compar-

ing the high-level signals on the N ey
1650-km path (16.170 MHz) with the A 2 01 08.05 07 08 N
ionospheric data for the midpoint

of thils path, we note that the Figure 3. Diurnal Varia-
high-level signals are associated tion of ESC, Propagation
with the appearance of an Es—layer Via Sporadic E-Layer: 1)
with limiting frequencies foEg > 16.1 MHz; 2) 18.3 MHz.

> 3 MHz at the middle of the path.
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At certain hours during the daytime, the level at 16.170
MHz exceeds 500 uV, but it fluctuates in the 100-uV range at
night (Fig. 3). At 18.340 MHz, the daytime level reaches 250
BV at certain hours, while at night it varies in the same range
as at 16.170 MHz.

dB
28
24 4
dB
201 w 2 ’
% < 28
2 . 24 2
& - 20
g 7
22 02 o5 1w WV W R x
Hours® Months
Figure 4. Diurnal Varia- Figure 5. Seasonal Varia-
tion of Signal/Noise tion of Signal/Noise
Ratio. 1) 18.34 MHz; 2) Ratio. 1) 18.34 MHz; 2)
16.17 MHz. 16.17 MHz.
Signal/noise ratio. Cosmic noise was measured regularly on

all paths for five minutes at the half-hour, a function for which
the transmitter was switched off. The five-minute noise record
was then used to determine the median value for each measurement
session. Noise level varied insignificantly, amounting to 0.3

uV at 18.340 MHz and 0.35 uV at 16.17 MHz (Fig. 4). The data on
the diurnal variation of the signal/noise ratio with the diurnal
field-strength variation indicate that the basic features of the
field-strength measurements are duplicated. At 18.340 MHz, the
maximum value occurs during the morning hours (9-10) and is 29 4B,
while the minimum at 5 hours is 22 dB. At 16.170 MHz, the signal/ 4@@
noise ratio varies from 7 to 20 dB throughout the day at 16.17

MHz and from 20 to 28 dB at 18.34 MHz.

For the most part, the signal/nolse ratio is above 10 dB on
both frequencies (Fig. 5) but not constant throughout the year.
The largest values are seen in summer and the smallest ones in
the fall. In all months, the signal/noise ratio at 18.340 MHz
averages 5-10 dB higher than that at 16.170 MHz (Fig. 5).

CONCLUSIONS
1. The field strength of the signal scattered by the lower
ionosphere and the signal/noise ratio vary throughout the day and

over the seasons in accordance with the features of the diurnal
and seasonal solar and meteoric activity variations.
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2. When highly directional antennas are used at the receiv-
ing end and the transmitters have outputs of 20 kW, the average
signal/noise ratio does not drop below 20 dB even under the most
unfavorable propagation conditions (September).

3. Reflection from the ES—layer is an important factor in

the propagation of short radio waves whose freguencies exceed the

MUF of the F2-layer. In summer, this propagation mechanism is
decisive for frequencies below 20 MHz.
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UDC 550.388.2:621.391.81

OCCUPANCY OF THE RADIO-FREQUENCY SPECTRUM
IN THE 16-23 MHz BAND

Ya.F. Ashkaliyev and V.I. Bocharov

ABSTRACT: The paper presents the results of meas-
urement of the actual utilization of the short-
wave frequency band, which were obtained by con-
tinuous registration of the number of radio sta-
tions in the 16-23-MHz band over an annual cycle
(1965). It is shown that there is a definite
relation between the number of radio stations and
the variations of MUF-F2. During years of mini-
mum solar activity and at night, segments free

of radio stations operating by normal reflection,
can be selected in the 18-23-MHz band for ionos-
pheric-scattering links.

To evaluate the prospects for radio communications by scat-
tering of short radio waves in the lower ionosphere, it is im-
portant to know the levels of noise of natural origin (atmos-
pheric and cosmic) and interference from radio stations working
by normal reflection. Since interference from radio stations
will obviously predominate at certain times of the day and year,
there is a genuine need to investigate the occupancy of the radio-
frequency spectrum in the 16-23-MHz band in order to obtain sta-
tistical data on its actual utililization.

In the 16-23-MHz band* [1], the maximum usable frequenciles
(MUF-F2) seldom exceed 16 MHz during years of minimum solar ac-
tivity and at night; consequently, a working frequency for an
lonospheric-scattering link can be selected in this frequency
band. We undertook round-the-clock observations of the basilc
patterns in the diurnal and seasonal variations of occupancy of
the 16-23-MHz radio band during 1965.

Apparatus for study of occupancy of radio-frequency spectrum
and method of measurement. An instrument was bullt for investi-
gation of the occupancy of the radio-frequency spectrum (Fig. 1).
The antenna unit was a wide-band horizontal (WBH) dipole suspended
at a height of 16 m above the ground. The antenna output voltage

was applied via an RD-116 cable to a balanced transformer (BT).

¥Mesyachnyy prognoz rasprostraneniya radiovoln [Monthly Radio
Propagation Forecasts]. Moscow, IZMIR AN SSSR [Institute of Ter-
restrial Magnetism, the Ionosphere, and Radio-Wave Propagation

of the Academy of Sciences of the USSR], 1964.
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The signal from the unbalanced transformer output was fed
through a coaxial switch to a "Volna-K" receiver. The receiver
was tuned through the 16-23-MHz band with a synchronous revers-
ing motor, which was reversed automatically by setting up micro- /69
contacts at the beginning and end of the receiver scale to be
tripped by pressure from the tuning indicator. The signal was
sent from the intermediate-frequency output to an amplifier-
detector to which an N-370M automatic recorder was connected.

A G4-1A generator
was used for frequency
and amplitude calibra-
tion. The time to sweep
the 16-23-MHz band in
one direction was 1
hour. A signhal whose 341A
voltage was twice the
noise level was used as

”Volna-K”'—"J OA |—N-370m

interference. The num- Figure 1. Block Diagram of Apraratus
ber of interfering sta- for Measurement of Occupancy of
tions was computed in a Radio-Frequency Spectrum.

Af = 0.25 MHz band (Fig.

2).

Diurnal variations of number of radio stations. A character-
istic feature in the diurnal variation of the number of radio
stations i1s the presence of a predawn minimum and an afternoon
maximum of the number of interfering stations (Fig. 3). The num-
ber of stations drops off rapidly with increasing frequency. The
diurnal variations of the probability of interference from neigh-
boring stations are generally similar to the variations of MUF-F2.
However, substantial disagreement is also detected on detailed
analysis of these relationships. It becomes clearly evident that
the maximum number of stations i1s shifted to a later point in
time, lagging behind the MUF by approximately three hours. Data
from an ionospheric probe at the measurement station were used /70
to compute the variations. Consequently, the incoming interfer-
ence is predominantly from the west; the probability of interfer-
ence from the radio stations is determined entirely by the state
of the dlonosphere and primarily by the behavior of the MUF.

The time intervals during which the effects of interference
were minimal were evaluated from the diurnal variations for each
month: these intervals were from 3 to 6 hours local time in all
seasons of the year, and from 0 to 6 hours at all frequencies
during the autumn and spring months. The probability of inter-
ference at 22 MHz seldom exceeds 30%, even during the daytime.

Seasonal variations of interference probability. If we con-
sider the seasonal variation of the probability of interference
from radio stations at 00.00 hours local time (Fig. 4), we note
that the largest numbers of radio stations are received during
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Figure 2. Typical Field-Strength Traces
Characteristic for Nighttime (a), Predawn
(b), and Daytime (c) Hours.

the summer months (May-July). The MUF shows a similar seasonal
variation. The correlations between the interference probability
and the MUF are also very close for other times of day (Fig. 5).

These quantities have in common maxima at the same seasons
of the year, but their proportions are different. While the
autumn maximum of MUF-F2 is sharp and exceeds the spring maximum,
the plcture is characteristically reversed for the interference
probability. The autumn maximum is only faintly discernible,
while the spring maximum 1s conspicuous.

Thus, like the diurnal variations, the seasonal variations
of the radio-station interference probability are determined to
a substantial degree by the variations of MUF-F2. It is evident
here that the probability of interference from neighboring sta-
tions increases with rising MUF. However, it has not been pos-
sible to establish any universal relationship, although the inter-
ference from radio stations varies as a function of the state of
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Figure 3. Number of Radio Stations in Af =
= 0.25 MHz Band as a Function of Time of
Day: 1) 16 MHz; 2) 18 MHz; 3) 19 MHz; U4)
20 MHz; 5) 22 MHz; 6) MUF-F2.
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Figure 4. Number of Radio Figure 5. Number of Radio
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Band: 1) 16 MHz; 2) 18 Band for 9N. 1) MUF-F2; 2)
MHz; 3) 19 MHz; 4) 20 MHz; 16 MHz; 3) 18 MHz; 4) 19
5) MUF; 6) 22 MHz. MHz; 5, 6) 22 MHz.
the ionosphere. Interference from neighboring stations is a

randoin process, and the number of radio stations working on a
given segment of the frequency band depends on the time of day,
the season, and a number of other factors.
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174 14

Figure 6. Probability
That a Given Number
of Stations will be
Exceeded as a Func-
tion of Frequency.
The Numerals are the
Numbers of Stations
in Af = 0.25-MHz
Bands.

Frequency dependence of the prob-
ability that a given number of inter-
fering stations will be exceeded. A
highly important statistical character-
istic of radio station interference is
the absolute or relative value of the
time during which the number of inter-
fering stations exceeds a given value
(Fig. 6).

We see from the figure that the
time during which there are more inter-
fering stations than the number indi-
cated on the corresponding curve de-
creases with rising frequency. As-
pects of the frequency dependence in-
clude a decrease in the number of in-
terference sources at 17 MHz, an in-
crease at 18-19 MHz, and then a smooth
decrease at higher frequencles. No
fewer than one station per 0.25-MHz
bandwidth was registered round-the-
clock at 16 MHz. ©No fewer than 7 sta-
tions are in operation at this fre-
quency during half of the time. From
March through July, the number reaches
its maximum value of 12. It is inter-
esting to note that at least one sta-
tion 1s observed round-the-clock even

around 22 MHz during certain months.

About 50% of the time, no more than
three stations are in operation at 22 MHz. There are always
fewer than 6 working radio stations in a 0.25-MHz band around 22
MHz throughout the entire period of the measurements.

Thus, the nature of the diurnal and seasonal variations of
the number of statlons is determined in general by the manner in
which the maximum wusable frequency varies. However, there are
substantial detail differences, especially in the seasonal varia-
tion; although the MUF seldom exceeds 16 MHz during a solar ac-
tivity minimum, it is still impossible to select a segment free
of radio stations in the 16-17-MHz band. Such segments can be
selected at any time of day or year only in the 18-23-MHz band
by using authorized frequencies on ionospheric-scattering links.

Operating frequencies above 22 MHz must be selected to

eliminate completely interference from radio stations working by
normal reflection.
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UDC 550.388.2:621.391.81

RECEIVING-ANTENNA INSTALLATION FOR IONOSPHERIC
SCATTERING LINKS

Ya.F. Ashkaliyev

ABSTRACT: Smearing of the scattered-energy flux
density over a certaln range of angles of arrival
permits the use of a receiving-end antenna with

a height lower than theoretical.

It has been observed that the median scattered-signal level
recelved on antennas suspended at various heights undergoes
minor variations [1]. Evidently, concentration of the energy
flux density in a certain range of angles of arrival must be
regarded as one possible cause of the constancy of the scattered-
signal level.

Smearing of the scattered-energy flux density occurs [2] as
a function of the fine structure of the scattering region in the
ionosphere. To obtain quantitative figures, it is necessary to
explain the experimental results theoretically. We shall assume
to simplify mathematical analysis of the height losses that the
zone of the ground surface around the antenna is flat within the
first Fresnel zones and has the properties of a dielectric, and
that the reflection coefficient is unity.

The scattered-energy flux density reaching the receiving
antenna 1s the aggregate of a large number of different compo-
nents. Applying the superposition principle, we shall substi-
tute a system of n discrete beams for the angular distribution
of the scattered beams.

If the antenna is mounted at height h and beam n arrives at
an angle @n with phase O s the resultant signal E; arriving di-

rectly at the antenna and E,; reflected from the ground surface
can be written

~
E;:- ‘\_; AL (©)cos (vt 7, - - RhsinO)
n 1
N
Ey N As, (0y)cos (of Lo P RE sin Q). (1)

n 1

Here n is the number of beams, On is the instantaneous angle

of arrival of the beam, k is the wave number, and An and o,  are
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the amplitude and phase of the scattered components. Assuming a
quasicoherent scattered signal, the power at the receiving-
antenna output can be represented as

~
=

P=(E,—E;?= [\’ A.,(0,)cos (wt4-a,, — Kh sin 9,,)]
n_l

N
—2> A1,(8;)cos (wt+a,, — Khsin6,) X
n=1

X i A, (9,)cos wtta,,+Khsin©O,+

n=1

+ [ﬁ A, (8,)cos (wt +a,, +Khsin 9,,)]2 . (2)

n=1

Since the terms Ei# and E can be interpreted simply as aver-
ge powers of the same signal, but with different phases, we have
= E2, We can then write (2) as follows:

P=2E(1—

i _ o5
L2y — 27 (1—p), (3)

where p is the coefficient of correlation between E; and Ej.

To evaluate p, let us examine the product of the sums of the
random processes in (2) in greater detall:

N
Z Aln (en) COS((’f-jln—I"h gin Gn) Z AZH (en) COS(U)t' a

n=1

+a;, +Khsin®,) = : A1 (©)) Ao Ox) cos (vt

I=:--1

+(1“-—Rh sin@,)co: I Jvl 1 Rasin «h) i~

+ 21 \1 A @) Ay eon (0 —
T
irE

—Khsin@)cos (o vy FREsinOg). ()

The product of the sums of the random processes 1s equal to
the sum of the correlation functions of each of them plus the sum
of all mutual correlation functions that can be formed from any
pair of summable random variables [3].

Since the mechanism of radio-wave propagation by scattering /75
on electron-concentration inhomogeneities is incoherent, the
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second term in (4) can be set equal to zero. If, further, we
consider that the scattering region can be regarded as an ex-

tremely turbid medium, it becomes obvious that Aln x A2n and

01 ¥ G5 then Expression (4) can be written as follows after
simple transformations:

: 1
E,-E;= 4

M=

A,2(0,)cos (2K sin 8,). (5)
1

With similar transformations for the denominator in (3), we
obtain the correlation coefficient

N
E%AnwﬂquKhﬁneﬂ
e

p= . .
él A2 (0,) ( 6 )

Expression (6) can be simpli-
fled if we consider that the angles
of arrival are normally no more than 4

a few degrees, so that sin @n X @n,
and the antenna suspension height 10
is assumed equal to h = x * hyg,

where hy = A/U0y is the theoretical a6

optimum height. ,¢r"‘¢
=2}

Replacing the sum in (6) by

the integral, we obtain 92 042345 Gpan
{ 42(9)cos (2K 10y a9 Figure 1. Power (P) at
p::Q,m:m.“ - (7) Receiver Output for Var-
J a2myen ’ ious Antenna Suspension
® Heights Referred to Opti-
where 0y is the angle of arrival of 2?m822i%2§e§?gngiggréggx
the scattered-energy flux-density Densit
maximum. To determine the theoreti- e

cal height losses, Expression (7) is
integrated numerically with consider-
ation of the smearing of the angles of arrival. The amplitude

distribution in the angle spectrum is taken in the form of a
sine wave:

A®)- sin (—; t:—). (8)

67



As we should expect, we obtain p = cos 7x from (7) for O =
= Op., With x = 1, p assumes its maximum possible value of
6 dB, i.e., is the same as in coherent reception. Consequently,
the ionosphere behaves as a smooth mirror, and the reflected-
energy flux density 1s concentrated in a relatively narrow in-
terval)in which the amplitude A(©) is maximum (dashed curve in
Fig. 1).

Curve 1 (Fig. 1) was calculated for insignificant scatter
of the angles of arrival, i.e., A® = 0¢/2, and the gain maximum
is shifted toward lower heights. Additional losses appear as a
result of smearing. The p for two other cases were calculated
in similar fashion: by integration of (7) in appropriate angle-
of-arrival scatter limits (curves 2 and 3).

For example, curve 3 (Fig. 1) was plotted for substantial
angular scattering, and shows a very distinct and quite broad
(x = 0.7-1.3) saturation region. Using a real antenna height
40% off theoretical results in additional power losses (a total

of 1 dB)[47.

Thus , the constancy of the median scattered-signal level
when antennas suspended at various heights are used at the re-
ceiving end can be explained in terms of blurring of the scat-
tered signal's angle of arrival.
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UDC 681.327.6

INPUT OF INFORMATION RECORDED ON MAGNETIC
TAPE INTO THE BESM-3M COMPUTER

E.L. Afraymovich, G.M. Kudelin, and G.M. Pelenitsyn

ABSTRACT: An input unit designed and built in
the Ionosphere Sector of the Academy of Sciences
of the Kazakh SSR for the BESM-3M general-purpose
digital computer (GPDC) is described. The input
unit uses a standard MEZ-28A studio tape recorder.
An automatic data-input subroutine is presented.

There is a large class of general-purpose digital computers
(the M-20, Minsk, Ural) with "standard" inputs (punched cards and
punched tape) that lack auxiliary units — analog-digital con-

verters — by means of which a converted analog signal might be
put into the machine's storage. This presents difficulties for
/ - 2 i J = 4
_____________ .

r i

1 |

| 1

| |

1

] J =1 b |

I S I 1

i GPDC ’

U |

Figure 1. Block Diagram of Input Unit. 1)
Converter module; 2) Storage element; 3)
readout module; U4) shaper; 5) counter; 6)
register.

radiophysicists studying the statistical properties of signals re-
flected from the ionosphere (signals from the receiver output),
biclogists and physicians studying records of heart sounds (EKG's),
geophysicists investigating the laws governing the motions of the
earth's surface (seismograms), etc.

We investigated ways of increasing the effective rate of
input and increasing its reliability. A device developed in the
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Ionosphere Sector of the Academy of Sciences of the Kazakh SSR
makes it possible to put information recorded on magnetic tape
into a type BESM-3M GPDC at effective rates up to L0000 seven-
digit binary numbers per second provided that the data are pro-
cessed during input. A block diagram appears in Fig. 1.

Without dwelling on the functioning of the module that con-
verts the analog signal into pulse counts#¥ (in our case, pulse-
count modulation is used to quantize the continuous random proc-
ess), we shall discuss the operation of the readout module 3 and
the schematic diagram of the signal shaper 4.

READOUT UNIT AND SHAPER

The readout unit is designed around an MEZ-28A stationary
tape recorder. High-frequency compensating networks give the
playback channel a frequency response of 30-16,000 Hz in its work-

ing range.
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Figure 2. Schematic Diagram of Shaper.

¥E.I,. Afraymovich. An Automatic Multichannel Registration and
GPDC Processing System for Investigation of the Inhomogeneous
Structure of the Jonosphere. "Geomagnetizm i Aeronomiya," 1966,

6, No. 4, 767.
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The tape recorder can record and play tapes at two speeds:
76.2 and 38.1 cm/sec. Pulse packets with an amplitude of 7 V
from the playback amplifier of the readout module 3 go to the
input of the three-stage amplifier of the shaping circuit 4 (Fig.
2). An automatic-bias network is connected to the cathode of
the first amplifier, which is built around tube V,;, to improve
the linearity of input-signal amplification.

Negative bias is applied to the grid of the second stage Va
fo eliminate playback-amplifier noise and amplify the positive
voltage drop of the symmetrical signal. Positive-going pulses
from the output of the third stage V3 go through toggle T: to the
plate of the slave-multivibrator tube Ve¢. After the differen-
tiating network, since the trailing edge of the pulse is slightly
steeper than the leading edge, a negative-going 60-V pulse flips
the circuit of Vg, V7 and a positive-going pulse is generated on
the plate load of tube V; and goes to the input of slave blocking
osclllator Vg. Negative-going 7-V pulses with a leading-edge
width of 0.2 usec pass from the third winding of the blocking
transformer through an RK-150 cable matched to the load to the
input of the eight-digit binary counter 5, which 1s based on the
BESM-3M readout-unit register 6.

In turn, each digit of the eight-place counter is decoupled
through a standard amplifier-shaper network (UF-2). The multi- /80
vibrator (V., Vs), which operates in the self-excited mode when
the plate voltage is applied through toggle T:, generates pulses
at a repetition rate of 250 Hz for visual moniftoring of binary-
counter performance.

INPUT AND CONTROL SUBROUTINE

The input subroutine is based on the principle of automatic
synchronization of GPDC operation with the process recorded on
the magnetic tape. The time necessary for synchronization is the
sole factor determining the effective input speed, provided that
all of the remaining time is used for processing of the signal.
Thus, the efficiency with which the GPDC is utilized depends to
a substantial degree on the flexibility of the processing program
and on matching of the speed at which the information carrier
moves to the speed of data processing. Thus, for example, the
machine-time utilization factor varies from 0.95 to 0.1 for var-
ious types of information processing in ionospheric research.
Nevertheless, the average rate of input into the GPDC is an order
higher than for punched-card input in the reduction of ionospheric
information.

To control the performance of the entire coupling channel to
the GPDC (converter, storage, input module, input subroutine), a
special test recording was made in the form of pulse packets with
a constant number of pulses n = 32, and a block was included in
the input subroutine for construction of the nonnormalized
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50
70
52

13
14
13
16
00
16

0500
0200

0200
0004
0004
0071

0153
0004
0074

0004
0071

0156
0072
0004
0073

0004
0071

0153
0004
0074

0004
0071

0072

0152
0076
0075
0155

0154
0072

0072

0143
0114
0116

G156

0103

0072
0106

0154
0113

0072
0111

0154
0100

0072
0123

0154
0132

0072
0130
0070
0143
0070
0072
0157

0160
0200

0164

[QUE)
GOta
GI7H
0146

0123

0377

0200
0001
0071
0072

0074
0071
0074

0072

0073
0070
0071
0073

0072

0074
0071
0074

co72

0075

€075
€075
00735
0145

0209
0071

0070

0377
0602
0001
0200
2000
0177
0i
0uvo

0143
6073

Print distribution

Restore

Wait for start of session

Wait for interval

Scanning in interval

Wait for end of puise packet

Restore true value

Construct distribution

Constants

Construct distribution
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distribution W(n). The control recording is put in before each
large-scale data-processing run and the distribution W(n) is
printed out. The W(n) is analyzed to evaluate isolated misfires
in the system and thelr number, as well as the performance of
the signal-coding and -recording devices.

The subroutine incorporates a block that determines the end
of the recording session (sessions are separated from one another
by an interval of 2-5 sec) and transfers control to the W(n)
distribution printout or normalization block, after which the
program is automatically restored pending the start of the next
session. Thus, the entire cassette is processed automatically
without stopping the tape (cone cassette has a capacity of 103
numbers).

A system for input and processing of data with a magnetic-
tape storage and the BESM-3M GPDC of the Computer Technique De-
partment of the Institute of Mathematics and Mechanics, Academy
of Sciences, Kazakh SSR has been placed in operation. Signals
with sampling frequencies up to 100-200 Hz can be processed with
it.

73



COSMIC-RAY VARIATIONS DURING "PCA"-TYPE ABSORPTION
I.D. Kozin

ABSTRACT: It is shown on the basis of data on

the variations of the cosmic-ray neutron compo-
nent, l1onospheric soundings, and measurements of
cosmic radio-emission absorption at "Vostok" sta-
tion (Ancarctica) that the ionization of the lower
lconosphere increases during times of low inten-
sity of Forbush-type cosmic rays. This is mani-
fested in increased absorption and the appearance
of strong sporadic layers in the E-region.

Geophysical observational material obtained with an AIS
ionospheric sounder, an MVS-13 magnetic variation station, a
riometer, and a neutron monitor are used in the present paper.

Data obtained at the geomagnetic pole on the variations of
the cosmic radiation are of definite interest for analysis of
the variations of solar cosmic rays during rising solar activity
and their influence on the state of the ionosphere.

The influence of cosmic radiation on the ionization of the
lower atmosphere has already been noted in the literature [1].
Moler [2] and Nicolet [3] were the first to advance the idea of
formation of a C-layer as an effect of cosmic rays; experimental
confirmation was obtained in the studies of P.Ye. Krashnushkin
[4]. Evidently, a massive influx of low-energy particles to the
geomagnetic pole has a substantial ionizing effect in the lower
ionosphere.

We shall examine the wvariations of the cosmic radiation dur-
ing disturbed states of the earth's magnetic field and their in-
fluence on the ionosphere (29 August-7 September 1966). This
period is characterized by powerful chromospheric flares occupy-
ing large areas on the sun. They were long-lived, with the
strengths attained ranging from 2f fo 3b. The maximum of the
chromospheric-flare disturbance fell on 2 September 1966, when
a proton flare on the sun was also reported.

An extremely strong magnetic storm with sudden onset was ob-
served at "Vostok" station at 20 hours GMT on 29 August; it ended
at 16 hours 30 minutes GMT on 4 September. This storm had two
active periods: 30 August and 3-4 September. "PCA" absorption
was observed on the polar cap. The following attendant phenomena
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TABLE 1
Absorption, dB

bate 20 MHz 30 MHz
30 August -9.2 -4.6

31 August -1.9 —

2 September -7.8 -3.5

3 September -30 -10.5

I} September -9.7 -4.5

were observed during this period: nonpropagation of radio waves
on the "Vostok-Mirnyy" link, which is 1400 km long; an increase
in the absorption of cosmic radio noise. Table 1 gives the
maximum absorption values for the disturbed days as measured
wilith an American-made riometer by the geophysicist John H. Taylor
at frequencies of 20 and 30 MHz.

The figure shows the variations of the earth's magnetic
field according to the MVS-13 at "Vostok" station (field-strength
values for the H-component), the variations of the cosmic-radia-
tion neutron component at "Vostok" and "Alma-Ata" stations, solar
data [4], and f-diagrams based on the results of ionospheric
soundings at "Vostok" station. At the onset of the magnetic
storm, the intensity of the cosmic-radiation neutron component
dropped abruptly, reaching 11.7% during the next 43 hours. Then,
with relatively mild geomagnetic-field disturbance, the inten-
sity recovered over a S54-hour period. The second phase of the
maghetic storm began at 17 hours on 2 September, and the cosmic
radiation showed a new drop 1in intensity, lasting 7 hours and
followed by a ten-hour recovering trend. The similar fluctua-
tions of the cosmic-radiation neutron component intensity that
followed are nonstatistical; they result from the disturbed state
of the magnetosphere and new corpuscular streams.

It is known that the sun is the basic source of the soft
cosmic-ray component. The influence of cosmic rays and the mag-
netic field on the reflective state of the ilonosphere 1s marked
(Fig. 1). The f-diagram was compiled from the hour-by-hour values
of the fmin and fy of the P-layer and the E-region and the fre-

guencies of appearance of sporadic E-region formations of various
types: ¢, 1, h, r. Generally, sharp drops in cosmic-radiation
intensity, like the decreases in the H-component strength of the
earth's magnetic field, first cause an increase 1n fmin and ab-

sorption as indicated by the riometer readings, and then complete
disappearance of reflection in the 1-20-MHz range — total absorp-
tion. The recovery of cosmic-radiation intensity also corresponds
to the reappearance of reflection (late on 3 September and on U4
September).
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Figure 1.

1) Horizontal component of the earth's magnetic field; 2) varia-
tions of cosmic-radiation neutron component according to "Vostok"
data; 3) relative sunspot numbers (Wolf numbers W); 4) variations
of cosmic-radiation neutron component according to "Alma-Ata" sta-
tion; 5) variation of critical frequencies of ionospheric F2-layer
according to "Vostok"-station data.
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Early on 6 September, the cosmic-radiation intensity began
to recover, and the normal diurnal variation of the vertical- /84
sounding critical frequencies appeared. Cases in which large
chromospheric flares on the sun (2f and above) were accompanied
by ionospheric disturbances manifested in increased electron
concentration in the D-region (height 50-70 km) by 500-1000
electrons/cm® have already been reported in the literature [1,
53. It is this increase in D-layer electron density that in-
creases the nondeviative absorption of radio waves that is dis-
played on the screens of panoramic ionospheric stations as an
increase in fmin and, eventually, as total absorption. It was

precisely this pattern that was observed in the ionosphere above
the geomagnetic pole during the magnetic storm of 29 August-7
September, which was caused by chromospheric flares on the sun.

The absorption increases in the ionosphere were detected by
the riometers and the AIS, and the abrupt appearance of strong
sporadic layers after total absorption permitted the assumption
that the ionization took place for the most part in the lower
lonosphere; vertical drifting from the D-region to the E-region
was also possible.

Thus, ionization occurs in the lower ionosphere, in the D-
regions, as can be seen from the increase 1in absorption (see Table
1) for the low-energy cosmic-radiation component; strong reflec-
tlons from sporadic formations in the E-region make theilr appear-
ance (see Fig. 1).
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STATISTICAL ACCURACY OF COSMIC RADIATION
NEUTRON COMPONENT RECORDERS

~N
o

L.I. Dorman and I.A. Pimenov

ABSTRACT: The paper examines a method for cal-
culating the error of experimental data from a
standard neutron monitor with consideration of
the multiplicity of neutron generation. It is
shown that use of the Poisson distribution to
estimate the real statistical error is inade-
gquate. The method proposed is of interest for
analysis of low-ampllitude periodicities in the
cosmic-ray variations.

Accuracy of the experimental data obtained — the basic re-
quirement made of equipment to register the intensity of cosmic
radiation — depends on a whole series of factors, including the
effective area of the detectors used to register the various
cosmic-radiation components. An increase in effective registra-
tion area tends to improve statistical accuracy. However, the
accuracy improvement obtained in the experimental data is usually
smaller than expected [1, 2], since the operating conditions of
the registering instruments and other factors lead to departures
from the original theoretical models on which the accuracy calcu-
lation was based. This calculation i1s made on the assumption
that particles striking the instrument are statistically indepen-
dent and that their distribution is subject, for small average
counting rates N(pls.) > 1, to Polisson's law, which is closely
described by a normal distribution with increasing average count-
ing rate N(pls.) >> 1. Thus, for example, the condition of par-
ticle statistical independence may be violated twice in one of
the most common instruments for registration of cosmic rays — the
neutron monitor, which uses the principle of local neutron gene-
ration. Firstly, neutrons generated in the atmosphere may have
a weak genetic relationship to one another, and, secondly, the
relation becomes gquite strong within the monitor itself.

As we know, the standard neutron monitor described in [3, 41,
which is used by a number of international-network stations as an
intensity detector for the neutron component of the cosmic rays,
incorporates proportional counters filled with boron trifluoride
BF; for detection of thermal neutrons. Neutrons formed in lead /86
on interaction with cosmic rays are moderated in paraffin.

Several neutrons may be formed in the lead from a single neutron,
and on moderation they will be registered with a certain efficiency
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by the proportional counters (Fig.
1). If each cosmic~ray neutron
were registered once by the monitor,
the relative statistical error of
the intensity registration per unit
time would be

ot —=—1_.100%, (1)

¥~

where N is the number of pulses
registered by the monltor during .
this same ungt time. On the other Figure 1. Diagram of
hand, if each neutron striking the Local Neutron Genera-
monitor is registered by an average tion. Section through
of k pulses (k > 1) and N is the standard IGY, IGC, or
average number of pulses per unit 1QSY neutron monitor.

. . 1) Paraffin screen; 2)
time, we have in the neral case >
> %€ ¢ lead; 3) B!®F;proportion-

al counters; 4) paraffin.

ot ]/ £ 100%. (2)

Generally speaking, therefore, ofl is not determined by For-
mula (1); Formula (2) must be used for the calculation. However,
the value of k is usually unknown. For this reason, we find /87

Gfl from the readings of two independent sections A and B. If
the average counting rates for the sections are approximately
equal,

N(4)~ N(B)~N, (3)
then according to [5]

/ST A —IBN—THA—I(B12 _
Sr(4)-1(B)= 'l/ U1 ]n[ Bz _ 12 =1, (4)

Here I(A) and I(B) are the intensities of the neutron component
according to sections A and B at corresponding points in time and
n is the number of counts over the interval of analysis. It
should be noted that the denominator in the radicand of Formula
(4) must be reduced by one for small counts (n < 100) to reduce
the systematic error that arises.

Comparing (3) and (2), we find that
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tron Counting Rate as a
Function of Time for Febru-
ary 1964 (Chicago) According
to Sections A and B. The
straight line is the aver-
age counting rate for the
month. Values of the error
of the daily average in-
tensity values are plotted
for the sections against the
axis of abscissas.

(4) was ~2%; therefore,

E=5.10"%-N -3 4y—1B) -

(5)

We analyzed hour-by-hour
data for the Chicago station
(February 1964), which were
corrected for the cosmic-ray
barometric effect. Since Rela-
tion (5) is wvalid only if Con-
dition (3) is satisfied, sec-
tions A and B were checked for
equality of counting rates. The
computed average counting rates
over the interval of analysis
(Fig. 2) satisfy Condition (3),
since the average counting rate
over a day remained within the
limits of error of the daily
average values throughout the
month.

The variance of the read-
iggs from the two sections
a T(A)-T(B) calculated by Eq.

k= 5‘10—5'N'521(Ay_((3): 510A5(16760) - == 1,21.

This result signifies that on the average over the time in-
terval considered, a single cosmic neutron was registered with

an efficiency of 1.2. Consequently, ofl will be more accurately

estimated as
E . 1,21 1o
0.f1=VW‘ . 10090 - Viz_léf) 10090 - 190-

This calculated estimate exceeds the theoretical estimate ob-
tained from the Polsson distribution:

T ;o 1 4 oo~ 0
A=V L1000 — V o - 100% = 0,9,

The calculation confirms the conclusions drawn in [1, 2, 6]
by another method.
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The method examined here for calculating the real statisti-

cal error of the experimental data makes possible quite reliable
estimation of the noise level of the instrument registering the
cosmic rays for a given averaging interval. This permits quick
resolution of the question as to whether the data for a given
time interval are suitable for analysis of low-amplitude cosmic-
ray variations.

A Ui+ W
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ESTIMATES OF THE ELECTRIC FIELDS IN THE ks
LOWER IONOSPHERE ABOVE THE MAGNETIC EQUATOR

V.N. Pogrebnoy and M.N. Fatkullin

ABSTRACT: The electric fields at the solar-
activity minimum on the magnetic equator are
evaluated on the basis of data from rocket
studies of the vertical profiles of the iono-
spheric-current magnetic fields and electron
concentration. The electric field strength

is 1-4 - 102 CGSM units. In addition, the
electric field has altitude and time distribu-
tions. Its maximum i1s observed at a height of
110 km, and at 90 and 140 km it is smaller by
a factor of 3-4 than at the 110-km height. The
maximum values are registered around noon.

Investigation of electric fields in the ionosphere is neces-

sary for study of the features of the ionosphere itself and the

TABLE 1
Geographic -
Flight Date  |Launch time coordinates | Source
b A
UNH 654 ' 12.111.65 8" 30™ 11023" § | 81025'W L m
UNH 65-5 | 12.I1I1.65 | 11 30 1125 § | 8120w | [}
FL-14.171 16.111.65 | 11 15 1247 8 | 1803 W I8
FL-14.176 18.111.65 | 11 01 1247 8 | 7800 W 181
FL-14,174 2411165 | 11 24 1144 S | 7836 W [81
FL-14.173 26.111.65 | 10 41 1012 S | 7930 W [8]
FL-14175 27.111.65 | 11 08 1412 8 | 75T W I8l
FL-14.70 29.111.65 | 10 47 1205 S | 7814 W [8]
PRL-20.05 7.VIIT.G6| 13 45 831 N | 71652 E [o1
origin of the geomagnetic-field variations. Until direct measure-

ment methods were developed, ionospheric electric fields were
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evaluated from ground geomagnetic observations within the frame-
work of the dynamo theory. The investigators would state supple-
mentary hypotheses as to current-localization regions, ionospher-
ic electrical conductivity, etec. With the development of rocket
and satellite research methods for the upper layers of the atmos-
phere, it became possible in principle to measure the ionospheric
electric fields directly, and attempts to do so have been reported
in the literature [1-5]. On the other hand, a whole series of
rocket experiments was performed during the IGY and IQSY to study /90
lonospheric currents, and the results, together with available
information on other parameters of the ionosphere, enable us to
estimate the electric field in the ionosphere with greater confi-
dence than had previously been possible. Below we present the
results of estimates of the electric fields in the lower iono-
sphere over the magnetic equator according to rocket data on the
vertical lonospheric-current magnetic-field profile under mag-
netically quiet conditions.

Reference [6] presents a detailed
analysis of results from rocket studies h, km
of currents in the ionosphere in middle

and low latitudes. The table gives cer- “”1

tain information on specific rocket X

launchings near the magnetic equator 24

(I ~ 0) during the morning and midday

hours at a solar activity minimum.# 00 B
Figure 1 gives a few examples of el .

the vertical distribution of the east- a P 8 i . A-km2

ward-current density in the ionosphere Y

over the magnetic equator. Figure 1. Vertical

Distribution of Cur-

In the electric-field estimates, we rent Density in the

began from the following conceptions. Ionosphere Above the

Since vertical currents are forbidden, Magnetic Equator Ac-

Ohm's law for an anisotropic medium cording to Rocket

Data. 1, 2, 3) Data
. . > from flights FL-

J=o,E -F:.E, +on(BXE.) B (1) 14,174, FL-14.173,
and FL-14.70, re-
spectively; j..) east-
in a coordinate system with the x-axis y
pointed toward magnetic south, the y-
axis eastward, and the z-axis vertically
upward, takes the form [10]:

ward component of
current density; h)
height.

¥The restriction to these launchings takes cognizance of the fact
that electron concentration was determined in addition to the
current-magnetic-field measurements.
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Ji=0,E, oy 7, Ey ]

(2) /91
Jy.-—_.- -— nyEx "%- G),y E).
where
g, 3, ]
o = [
xx LE sin2l + 5, cos2]
Gy Ggsint
- 1 °m
Cxy ¢y sin2l +3 cos2t ( 3 )
[-74 2
. — geos2l 1
yy oysinzZl+s cos2l ' 7~

31, 1 %2 are the longitudinal, transverse, and Hall components of
conductivity, I is the magnetic ineclination, and B is the strength
of the geomagnetic fileld. For small magnetic inclinations (I = 0),

and

jy:cy_\'Ey' (4)

Around noon at the magnetic equator, meridional currents are

absent or are at least much smaller than jy.

The vertical distribution Ey(h) was computed from (4). The

- - —, - — -
distributions of % ° s 9., S, where o ==p35” ,0,>=ns ., Og= N5 g, 3y, = 03,

o', = e’ [1m,v, -1 mp]
cl-L:eZ ["e vme(vcz_}'wez)‘;_vi 'm‘(‘)iz_%_@)iZ)] ( 5 )

o'w=2e? [0, m (7, -0t )— v, my(s 0]

s "y o’m 'y the corresponding conductivities per electron-ion
palr, n, the electron concentration, and v * and s, ® the col-
lision freguencies and gyrofrequencies of the electrons and lons,
respectively, were calculated separately for each flight. The
following ionospheric and atmospheric variables were assumed for
the calculations.
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1. For flights UNH 65-4, 65-5, and PRL-20.05, the electron-
concentration profiles n(h) were determined experimentally by
means of Langmulr probes mounted on the rockets. The traces of
the Langmuir currents, whose intensity 1s proportional to elec-
tron concentration, were interpreted by comparing them with the
critical frequency of the E-layer as obtained from vertical-
sounding data obtained at the time of the launch. For the other
flights, the electron concentration was determined with a stan-
dard n(h) profile (Fig. 2a).

h, km
160 1 a
| v
‘I
1401 e
120
100
80 . 1 1 1 & . PR TS Py -
ar g5 10 15 0* 07 o cm3
n(h/)ﬂmat.

Figure 2. Electron Concentration as a
Function of Height. a) Standard profile;
b) rocket data. 1) Flight UNH 65-4; 2, 3,
4) flights UNH 65-3, UNH 65-2, and UNH

65-3, respectively; n(hi) and Thax 7€

the electron concentrations at fixed
height and at a maximum of the E-layer,
respectively, in em~®; h is height.

A considerable number of launchings near the magnetic equa-

tor with Langmuir probes aboard, namely UNH 64-1, 64-2, 64-3 [11]:

UNH 65-2, 65-3, 65-4, 65-5 [7], PRL-20.05, FL-10.11, FL-10.12,
FL-10.14 [9], FL-14.177, 14.179, 14.180, 14.181, and 14.182 [12]
indicated that although the flights were made not only at dif-
ferent hours and on different days, but also in different years,
the Langmuir-current traces and, consequently, the height pro-
files n(h) for the quiet atmosphere were gualitatively identical
in nature (Fig. 2b). This made it possible to construct a stan-
dard n(h) profile for the region of the magnetic equator by sta-
tistical processing of the data.

The n(h) profile can be constructed by assigning the n. de-

ax
termined from the vertical-sounding data and using the ratios

n(hi)/nmax

FL-14.70.

given in Fig. 2a. This method was used to compute n(h)
for the launchings FL-14.171, 14.173, 14,174, 14.175, 14.176, and
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2. We used the CIRA 1965 standard model of the atmosphere /93
[13] to compute the altitude distribution of electron and ion -
collision frequencies, which were computed from the improved ex-
pressions [14, 15]

ve = (e, N3) -+(e, 05) -+ v (¢, 0)

vi="(02+aoz)“|"'(Nz+,N2) ’ (©)

where

v(e, Np) = 2,33-10~11 n(N,) [1 — 1,21-10-4 T,] T,
(e,0;)=1,82-10"° n(0,) [1-}-3,6-10~2T, -] T,'»

v(e,0) =2,8-10~1° 2 (0)- T,

W0,+, 05)=3,4-10—13(0,)I" (10,6 —0,761gT")? (T>1600°K)
v(0y*, U2) = 8,2-10-1° 2 (0,) (T < 1600° K)
(N, No) = 3,6°10~13 n (N,) I": (14,2 — 0,961g T)2

(7)

ples No), v(e, O2), v(e, 0) are the frequencies of collisions of electrons
with neutral Ny, O,, and O molecules, respectively;

v(0:2%, 02), v(Ns™, N:) are the frequencies of collisions of positive /94
fons with neutral 02 and N; molecules;

Te and Ti are the electron and i1on temperatures;

Tn is the temperature of the neutral gas, I = Te + Ti' It

was assumed that T_ = T, = T .
e 1 n
The calculated distributions ve(h) and vi(h) and the experi-
mental values of ve determined by various methods [16-23] are
shown in Fig. 3. As we see, they agree well with the theoretical
values of ve(h).

The components of anisotropic conductivity per electron-ion
pair were calculated for two longitudes: X = 75° E and 75° W (Fig.
by,

The calculations showed that the electric fields in the lower
ionosphere over the magnetic equator are subject to considerable
altitude and time variations (Fig. 5). The altitude distribution
of E. has a maximum at heights arcund 110 km, where the field

strength may reach ~vi - 102 CGSM units in the midday hours at the
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Figure 3. Collision Fregquencies as Functions
of Height. ve is the frequency of electron

collisions; vi is the frequency of ion colli-~
sions.
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1001

60 1
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Figure 4. Components of Conductivity per Elec-
tron-Ion Pair as Functions of Height. 1, 2, 4,

6) ou’, o .ou\ e’ at longitude 75° W; 3, 5, 7)
o, 'y oyy &C longitude 75° E, where OII' is the

longitudinal component, ¢, is the transverse

component, cﬁ is the Hall component, and G&y

is the Cowling compconent of the conductivity
tensor.
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solar activity minimum.

At the heights h = 90 and 140 km, the

electric field strength is smaller by factors of 3-4 than at

h = 110 km.
(v11P00™-11730™) .
h, km
1501
1304
1104
R/

4107 Ey, CGSM

Figure 5. Altitude Pro-
files of the Electric
Field. Curves 1, 2, 3,
4, 5, and 6 were plotted
on the basis of the
rocket flights UNH 65-4,
UNH 65-5, FL-14.70, FL-
14,176, FL-14.174, and
FL-14.173, respectively.

values of E. =2-10"' V.m~1!.

The maximum values of Ey(h, t) ocecur around noon

It is interesting to compare
the resulting values with experi-
mental data on the electrostatic
field in the ionosphere. Such ex-
periments have been performed at
middle latitudes and in the regions
of the polar electrojet. E (the
component of the electrostatic-
field vector perpendicular to the
magnetic field) and El1 (the com-

ponent of electrostatic-field vec-

tor along the magnetic fleld) were

determined at middle latitudes with
electrostatic fluxmeters carried on
rockets. According to measurements
made on 15 November 1961 and 8 June
1963 at heights of 200-400 km,

G, ~7-1072 V-m~!, and according
to the results of the 18 October
1962 and 18 June 1963 launchings,
E. ~1 + 10-' Vom~?! and E_.. ~ 10-°

IT
Vem ! [2]. Reference [1] cites

A rocket launched at about midnight

on 17 October 1966 into a region with a visible aurora made 1t
possible to estimate both E. ~8-5+ 1072 V.m~! and E;=2-0-1072

Vem—t [47.

Experiments were performed in middle latitudes in 1964-65

(a total of 12 high-altitude-rocket launchings) with formation of
artificial clouds at heights of 130-200 km.
E. , which was normally 1-3 - 10-3
In April 1967, barium was ejected from a rocket at a

used to estimate
case [3].

Thelir motion was

height of 230 km near the observatory at Kiruna, Sweden. The
value of E. derived from the motion of the barium-cloud ions
varied in the (2-20) + 10~% Vem~! range [5].

According to our estimates, the electric fields in the
jonispheric E-layer above the magnetic egquator around noon were

1-4 « 10~2 CGSM, or 1-4 « 10-"% Vem—1!.
orders below the electric fields measured experimentally at middle

and high latitudes.

These values are 1-2

This result does not contradicet the dynamo theory, since,
according to the latter, the electric fields are generated at

middle latitudes and transported to low latitudes.
E_ is smaller at low than at middle latitudes.
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measure Ey at the magnetic equator would be extremely desirable

for arrival at a final conclusion.

Ul 4=

o~ O

O

11.
12.

14,
15.
16.
17.
18.
19.
20.
21.
22.

23.
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UDC 550.385

ON THE POSSIBILITY OF EXPLAINING FEATURES OF THE LATITUDE
VARIATIONS OF Sq(H) AND Sq(Z) IN THE EQUATORIAL

REGION BY ELECTRICAL MODELLING
V.N. Pogrebnoy, G.I. Gordiyenko, and B.T. Zhumabayev

ABSTRACT: Curves of H (the horizontal component)
and Z (the vertical component) of the magnetic
field from a strip with an assigned current-~den-
sity distribution compiled from the results of
electrical modelling are calculated. The calcu-
lated curves are compared qualitatively with
latitude curves of Sq(H) and Sq(Z) obtained from

ground magnetic observatory data. It is shown
that the forms of the theoretical H and Z and the
experimental latitude variations of Sq(H) and

Sq(Z) are qualitatively similar. Moreover, elec-

trical modelling made 1t possible to explain the
appearance of secondary maxima during the fore-

noon hours, valleys in the latitude curve of Sq(H)

in the early morning and evening hours near the
magnetic equator, and the complex form of the lati-
tude curves of Sq(H) and Sq(Z), the latter in terms

of nonuniform current-density distribution in the
equatorial electrojet from the period of its for-
mation to completion of its decay.

Variations of H, Z, and D recorded at ground magnetic ob-
servatories are the starting materials for study of the param-
eters of the equatorial electrojet. The value of observations
from a network of temporary and permanent observatories situated
at the same longitude on either side of the magnetic equator is
obvious. Such observations were first made by Giesecke [1]. On
the basis of data obtained at 14 stations in the latitude range
from 16°12' S to 3°24' N at longitude 75° W, he made a detailed
study of the latitude variation of the H-component diurnal ampli-
tude and established that this amplitude has a maximum in a narrow
zone within +3-4° of the magnetic equator. Subsequent latitude
surveys [2, 3] and IGY data obtained with 11 stations functioning
directly on the magnetic equator and more than 30 magnetic ob-
servatories in the equatorial zone (x20°) brought out a whole
series of peculiarities in the latitude variations of Sq(H) and

Sq(Z). For example, it was reported in [4, 5] that the form of
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the latitude-variation curves varies widely, not only from day to
day , but even from hour to hour.

However, a statistical analysis that we made of the lati-
tude-variation curve of Sq(H) and Sq(Z) indicates that the char-

acteristic curve types shown in Fig. 1 are observed at specific
hours of the day, namely: the early mogning hours (6h), evening
(lgh), midday (11-12h), forenoon (8-107), and afternoon hours (13-
177%).

It is evident from the figure that the latitude curve of
Sq(H) has either a maximum or a minimum at the magnetic equator

in the early morning or evening hours (see curves 1 and 2, Fig.
1). Around noon, the Sq(H) curve peaks with a maximum at about

11 hours local time. It is important to note that the peak of
the latitude curve falls at the latitude of the magnetic equator.

The form of the latitude /98
curve of Sq(H) is qQuite complex

in the forenoon and afternoon
hours. Although the values of
Sq(H) are higher near the mag-

|
1
]
!
'
'
1y
|
)

netic equator, one or two addi-
tional peaks usually appear on
the latitude curve to the north
or south of the magnetic equator
(see curves 3 and 4, Fig. 1).

[
t
- |
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We note further that if the
latitude curves of Sq(H) are

sw o0 0° 20°S

Figure 1. Latitude Varia-
analyzed in a broad latitude band, tions of S (H) and 3S_(Z)
+20-30°, they are found to be 4 q
asymmetric about the magnetic
equator. However, the Sq(H)

According to Data from

Ground Magnetic Observa-
tories. a, b) S (H) and
curves are symmefrical with re- 4

spect to the magnetic equator in Sq(z>’ respectively; 1,2)

a narrow zone, *4-6°, during the Typical curves for the
midday hours. morning (evening) hours;
3,4) forenocon (afternoon)

The latitude curve of Sq(Z) hours; 5,6) for midday

hours; the vertical dashed
line is the line of the
magnetic equator.

is also complex in form. Its
study would require a network of
observatories denser than that
used for the latitude surveys [1-
37. At present, therefore we can
speak only of the most general features of the latitude variations
of Sq(Z) in the region of the magnetic equator, namely:
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1. The values of Sq(Z) are positive in the southern hemi-

sphere and negative in the northern hemisphere.

2. The transition of Sq(Z) from positive to negative is ob-

served in the region of the magnetic equator.

3. The values of Sq(Z) are considerably more south of the

magnetic equator than north of it.

The known models of the equatorial electrojet [6, 7, 8] can-
not be used to explain the complex form of the Sq(H) and Sq(Z)

latitude curves. However, the scheme that we proposed earlier,
in which the equatorial electrojet is formed from middle-latitude
S currents, made it possible to use electrical modelling to com-

pute the current-density distribution in the jet from the period
of its formation to the end of its decay.

By way of example, Fig. 2, ¢ and £, shows latitude profiles
of the current-density distribution in the eguatorial region of
the ionosphere for the following particular conditions:

strip width of equatorial electrojet 2b = 600 km;
height of current layer above ground level h = 110 km.

conductivity ratios o2 = 501 and 0, = 20:, where 0, and 0)
are the conductivities of the strip and the surrounding regilon,

respectively.

It is known that a strip of width 2b with uniform current I
at height h above ground level creates a magnetic field at the
ground that can be computed by the formulas

(1)
H=2I arctg —112—_3%,;55‘;

B2+ (xR (2)

Z—‘——‘—Ilnm’

where H and % are the horizontal and vertical components of the
magnetic field and x is the present coordinate.

H and Z were computed for various 2b (10 m, 20 m, ..., 1190 m,

1200 m) by (1) and (2) on a BESM-3M electronic computer, assuming
I equal to 1 CGSM unit. However, the fields were added graphical-
1y in compiling the H- and Z-curves for the particular current

layers.
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The calculated results
appear in Fig. 2. The follow-
ing features are to be noted:

1. When o0, = 501, the H-
component shows a peak with a
maximum in the early morning
hours; additional maxima appear
during the forenoon hours,
approximately at the edge of
the strip; during the midday
hours, there is again a single
peak with the maximum on the
magnetic equator. The midday
values of H on the magnetic
equator are 5 times the values
of H away from the magnetic
equator.

2. If o0, = 20;, the H~
curve forms a valley in the
early morning hours, i.e., the
values of H are smaller near
the equator than the H at dis-
tances of 700-800 km from the
magnetic equator. During the
forenoon hours, the maxima are
observed near the equator, and
two peaks form approximately
at the edge of the strip;
around midday, a single peak
is observed, with midday values
of H at the magnetic equator
twice as large as the H at
distance from the magnetic
equator.

3. The H-curve for strip
5 indicates that the maximum-
H peak shifts away from the
magnetic equator in the direc-
tion of an eddy with high cur-
rent density. In this case,
the H-~curve is asymmetric.

4, The Z-curves have max-
ima and minima that clearly
mark the boundaries of the
strip for o, = 50;, but they
are more complex in nature
with o, = 20;.

a d
CGsSM
24
*2
7 ‘/\
-2 - -

c f
f aemren uuxxn' 7 { rnrnrmrn-r:
2 exxnsrer T - srrmmooooz 2 L wrercbrarrn t=—
attrzem? 1€ e 2L JA3 LA
4L 139582551 PR A ERAE M
G S e U
PN D Y SA5GYSY 22912
1200-600 5 690 1297 -1200-600 p 600 1200

Figure 2. Calculated H- and Z-
Components of Magnetic Field
from Current Strip. a, d) H-
curves; b, e) Z-curves for

02 = 501 and 0, = 201, respec-
tively; o02) conductivity of
strip; 031) conductivity of sur
rounding medium; c¢, f) current
density distribution profiles
in strip for o = 50; and ¢, =
= 201, respectively. The pro-
files 2 are characteristic for
the current distribution 1in
the equatorial electrojet
(equinox conditions) during
the morning (evening) hours;
3) during forenoon (afternoon)
hours; 4) during midday hours;
5) during forenocon hours (sol-
stice conditions); profile 1:
uniform conductivity.
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It is interesting to compare the calculated H- and Z-curves
with the latitude curves of Sq(H) and Sq(Z) obtained from mag-

netic-observatory observations. Since it was possible to model
only part of the global Sq of the current system, and not all of

i1t, this comparison can be made only qualitatively. For example,
let us compare curves 2 (Fig. 2d) with curve 1 (Fig. la), 2 (Fig.
2a) with 2 (Fig. la), 1 (Fig. 2d) with 2 (Fig. 1b), 2 (Fig. 24d)
with 1 (Fig. 1b), 3 (Fig. 2d) with 3 (Fig. 1la), 3 (Fig. 2a) with U4
(Fig. la), 3 (Fig. 2d) with 3 (Fig. 1b), 4 (Fig. 2d4) with 4 (Fig.
1b), 4 (Fig. 2d4) with 5 (Fig. la), 4 (Fig. 2a) with 6 (Fig. la),
4 (Fig. 2b) with 5 (Fig. 1b), 5 (Fig. 2d) with 4 (Fig. la).

We see from comparison of the curves (Figs. 1 and 2) that
the forms of the calculated latitude variations of Sq(H) and Sq(Z)
and those obtained from observations are qualitatively similar.
Electrical modelling made it possible to explain such fea-
tures of the latitude variation of Sq(H) as the appearance of the

secondary forenoon maxima and the valleys in the latitude curve
of S (H) during the early morning (late evening) hours near the

magnetic equator; it alsc indicated a cause for the complex form
of the Sq(H) and S _(Z) latitude curves: nonuniform current-den-

sity distribution in the strip.

Thus, electrical modelling opens new prospects for study of
equatorial electrojet phenomena.
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UDC 523.165

ON THE RESOLUTION OF THE STANDARD ALGORITHM FOR
COSMIC-RAY STATIONS

TI.A. Pimenov

ABSTRACT: The resolution of the standard algo-
rithm for cosmic-ray stations (SA CRS) [1, 2]
is discussed. It is shown that resolution in-
creases with increasing averaging interval.
However, this is accompanied by an increase in
the uncertainty with which the SA CRS is local-~-
ized.

References [1, 2] proposed a method for quality rating of
new instruments for registration of the secondary cosmic radia-
tion at cosmic-ray stations (CRS). The essentials of the pro-
posed method are as follows. The following methods were used
for gualitative analysis of the zero-level drifts of certain
CRS channels accurate to 0.1% against the background of cosmic-
ray variations ranging into the tens of percent (after prelimi-
nary testing of the traces from identical channels for paral-
lelism):

1. The method of ratios
AM=TH1}, (1)

where A?l is a parameter characterizing the intensity ratio at the
particular point in time, I? and I% are the registered intensity

values in pulses, and k and 1 are the channels.

2. The method of differences

BM=TI%_—T! (2)

i

where B?l is a parameter characterizing the intensity difference

in relative units at the particular point in time.

Series of Akl, Bkl
i i

1, 2, ...,) are then analyzed for
all possible combinations of k and 1. By using both methods, we

1=

95



can exclude perlodic components from the traces. Consequently,

the standard algorithm for the CRS (SA CRS) is a method of in-
vestigating the noise assoclated with operation of the apparatus
registering the cosmic radiation and governed by the statistical

nature of the cosmic rays. Detection of faults in the performance

of CRS channels and thelr localization are based on the fact that

the behavior of the noise will change when there 1s a breakdown. /104
It can be shown that the equation of the probability density for

the BX' will be subject to the normal law

[ okl = —— 1 ex {— [ F—1H—TF —Ti)2
B V2=V DIH+DUH 2[D(I %)+ DI )] (3)

on the interval of normal functioning of the registering instru-

ment. Since the values of I? and I% are expressed in relative

units for the B?l, Formula (3) can be written

1 (IikF—1H2 }

kRl = ——— X I"_
7} P\ “ampaihy o

Y2V DI +DUIh (1)

The ordinary estimate of the variance of the B?l and

Skl = /D IH -}_:—I;(I—Ll)

will be somewhat on the high side, since it does not take account

of the fact that the counts I? and Ii from which the OB are calcu-

i
lated are pairwise related. A more accurate estimate will be
23— 1 DI F~IH— T — T (5)
GB? = - n—1 - - n—1 )
kl

Consequently, the probability density equation of the Bi
will be determined by (3), where the wvalue of Ogl is calculated
by (5). i

When there are breakdowns in channel operation, the be-

havior of the B?l series will change for certain combinations of
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the indices k and 1.
k1l
A,
i
following form for a stage failure:

fgfl = e— =

_1 o I[(Ilk""Iil)‘j(fik——Tili‘a(—ii"'—l—il))]z}
= .5 k1 X B 3 17
2r -sgfl OXP 2:2pyt

and for line failure:

The parameters 6, a, and b in (6)
and (7) are found by the method of least

squares. In calculating S(T? - Ti), a,

and b, it is necessary to remember that
any type of failure can be detected if
its magnitude exceeds the minimum noise
level characteristic for the particular
instrument. It is natural to assume
that this level will be lower for equip-
ment that performs stably and reliably.
At the same time, the over-all noise
level will be higher than the minimum
at certain values of the averaging k1
interval AT, since the quantities Ai
and B?l also depend on statistical
fluctuations. Hence the condition that
the minimum noise level be exceeded is
necessary, but not sufficient for failure
detection. We should expect Gszl,which
i
characterizes the total noise level, to
decrease with increasing averaging in-
terval AT, since the influence of sta-
tistical fluctuations becomes weaker
with increasing AT. Consequently, the
Gszl = £(AT) curve will drop with ris-
i
ing AT, making an asymptotic approach to

the noise level governed by equipment operation.

1 [I*—T1H— (at+b))2
Vam sgh ""P{ z’a'z;‘;.*—}-

A similar situation will also arise for the
Thus, in the case of regular failures, Egq. (5) will take the

(6)

(7)

St

190

-

Figure 1. Variance

of Difference Between
Readings of Identical
Cgannels k and 1,

o I(A)-I(B)’ as a
Function of Length of
Averaging Interval.
The scale on the axis
of abscissas is loga-
rithmic, and the ordi-
nates are pulse
counts. Chicago,
February 1964.

In other words,

the 02?_kl = f£(AT) curve will tend to the set-noise level of the

B
i
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registering instrument.

The dependence of oszl on AT was computed to verify these
considerations. i

Data for the city of Chicago (February 1964) were analyzed.
The statistical fluctuations make an appreciable contribution
only for small AT = 1, 2, and 6 hours (Fig. 1); at AT = 12 hours,
the statistical and instrumental factors are of approximately
equal influence, but beginning with AT = 1 day, the instrumental
factor begins to exert the decisive influence on system noise /106
level. This indicates that as.AT increases, it becomes possible
to detect increasingly weaker drifts of the null level over a
time inferval e%ual to AT or a multiple thereof. The steepness
with which the OBkl = f(AT) curve descends depends to a consider-

1
able degree on the guality of instrument performance. Thus, for
stations less reliable than that of Chicago, we should expect the
asymptote to which the GZBkl =f(logAT) curve tends to be higher
1

on the axis of ordinates. The minimum and maximum noise levels
can vary with time even at the same station.

For the SA CRS, therefore, it is necessary to provide for

acqulsition of a family of cszl = F(AT) curves that will deter-
i

mine station resolution. In this case, the range of possible AT
values will vary from AT = 15 min (the basic registration range
of the CRS) to AT = 1 day. There is no point in making the cal-
culations for intervals longer than a day, since the null level
_of a CRS is constant with an accuracy no better than 0.17%.
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UDC 550.388.2

RESULTS OF MEASUREMENT OF RADIO-WAVE /107
ABSORPTION IN THE IONOSPHERE BY THE
AI METHOD

N.A. Korinevskaya

ABSTRACT: The results of absorption measurements
at 2.2 MHz in 1964-1967 are examined. The in-
struments are described. Median noon absorption
values for each month from 1964 through 1967,
the dirunal variations of absorption on the
Regular World Days (RWD's), and the seasonal
variations of absorption and cos X are given.
The dependence of the absorption coefficient

on sun spot number is analyzed,

During the period of the IGY and IQSY, the absorption of
radio waves in the ionosphere was 1investigated at a broad net-
work of stations under the unified international program [1-3].
New data that enable us to begin study of the geographic dis-
tribution of absorption were obtained. Studies of absorption
during the years of the solar activity minimum are of particular
interest.

Apparatus. Program of observations. The absorption of
radio waves in the ionosphere (AI method) was measured from 1955
through 1962 at two frequencies: 2.2 * 0.2 and 3.0 * 0.2 MHz.
The reflected-pulse amplitudes were registered visually [4].

Radio-wave absorption was not measured at Alma-Ata from 1962
through 1964, since improved apparatus had been installed. An
SP-3 ionospheric sounder with a special 0G-1-11 oscilllograph was
prepared for photographic registration of reflected-signal ampli-
tudes. The pulse powers of the SP-3 transmitfer, which range up
to 20 kW, are regulated with a five-position selector. Pulse
duration is 100 usec. Pulse repetition rate is 30 Hz. The re-
ceiver has a sensitivity of 10 uV with a 2:1 signal-to-noise
ratio and a passband of 30 kHz.

The recelver for absorption measurements has a linear ampli-
tude response over a broad voltage range (up to 12 mV at its input
with 70-dB attenuation). The transmitting antenna is rhombic, and
the receiving antenna is a wide-band horizontal dipole. Pulse
amplitudes are monitered visually with a K-2 display. Two gated
echo signals go from the station output to the differential in-
put of the 0G-1-11 oscillograph. The reflections of the first and
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second echo signals appear on either side of the centerline on the
oscillograph screen and are registered on film (width 35 mm)
moving at a speed of 20 mm/min. Time markers are automatically
placed at one-minute intervals by an electronic flash tripped by
the ionospheric sounder's program clock.

On 1 January 1964, measurements of radio absorption were
resumed under the international program at 2.2 + 0.2 MHz [3].
A second auxiliary frequency was selected in the band from 3.2
to 4.8 MHz as a function of the state of the lonosphere, with
the proviso that it be separated by 10% from the critical fre-~
quency of any layer. Stratification in the E- and F-regions
and low critical frequencies during the night, when the calibra-
tion constant of the instrument was determined, made it difficult
to select the second frequency. Radio-wave absorption was meas-
ured three times a day at each frequency:

1. Two 15~-minute sessions around noon (11:30-11:45 and 12:30-~
12:45 local solar time).

Figure 1. Specimen Photographic Record of the
Amplitudes of Signals Reflected from the Iono-

sphere.

2. One 30~-minute session at night, when double reflections
oceur, for determination of the instrument's calibration constant.
Measurements were made in the 3.2-4.8-MHz frequency band in 1964-

1965.

The oscillograph was calibrated with a GSS-6 with external
modulation from a pulse generator. Two gated pulses delivered
from the receiver output with different input voltages and re-
ceiver gains were photographed on moving film. A calibration
curve expressing the amplitude of the signal on the 0G-1-11 os-
cillograph (in mm) as a function of receiver input voltage (in
uV) was then plotted. The coefficlent K was calculated from the
calibration curves for the different gains with transmission
bandwidth held constant, for use in determining the average
amplitude of the signal over each measurement session (Fig. 1).

Calculation of radio wave absorption coefficient. The ab-
sorption coefficient L (in dB) for vertical incidence is
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determined by the formulas

L = — 201gp; (1)

L—=201g 4t _ o010 4. Khy'; (2)
_Eik

p pe—— .Eo ho , ( 3 )

E, =A1K: ( il )
E2=A2K,

(5)

where Aln is the average amplitude of the first reflection at

night, in mm; A1d is the average amplitude of the first reflection

during the day, in mm; A, is the amplitude of the second reflec-
tion in mm; p is the coefficient of reflection from the iono-
sphere; Pe is the coefficient of reflection from the earth; h'

is the effective height of the reflecting layer at the particular
frequency; Pe is assumed equal to unity.

A1l measurements were reduced to a height h = 100 km by using
the expression 20log(h5/100). The quantity

Go— 20lg f—‘!g?+201g o (6)

characterizes the unabsorbed energy of the radio wave and 1s the
calibration constant of the equipment. During the day, when there
are no multiple reflections, absorption is calculated by Formula
(2) from the first-multiplicity reflected signal with considera-
tion of the instrumental constant. The average amplitude of the
signal on the film is determined with an electromechanical inte-
grating device designed to average the ordinates of the curves

and suggested by Engineer A.A. Starovatov.

Determination of instrument calibration constant. The 1in-
strumental constant Go (unabsorbed field strength) is determined
from the nighttime echo-signal-registration sessions, when ab-
sorption is very weak and multiple reflections from the F- and
E-layers of the ionsophere are observed.

Methodological difficulties arise in determining the instru-
mental constant Gy. There are two methods of calculating the
calibration constant (6). Inthe first, it is determined from the
amplitude of the first reflection at night. It 1s assumed that
absorption is very weak at night. In the second method, it is
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necessary to determine the amplitudes of the first and second
reflections and compute the coefficient of reflection from the
ionosphere in order to calculate the instrument's calibration
constant. As we know, the coefficient of reflection from the
earth may vary over a broad range from 0.99 (sea water) to 0.5
(dry ground), depending on soil conductivity [8]. The coeffic-
ient of reflection from the earth is assumed equal to unity in
both the first and second calculation methods. This assumption
introduces an error in determination of the calibraftion constant,
especially in localities where soll conductivity varies widely
and the relief is broken [10].

In 1964, only reflections from the nighttime F-layer were
used to determine Gy, and sessiocons during which reflections from
the sporadic E-layer appeared on the ionospheric records were not
considered in the calculation. The largest numbers of sessions
with multiple reflections from the F-layer are observed in Sep-
tember through March. During the summer, multiple reflections
from the F-layer are rarer owing to screening by the sporadic E-
layer. In virtue of the large number of night sessions, we were
able to determine the instrumental constant separately for each
month. June 1964 was an exception; in that month, there were
very few sesslions with multiple reflections from the F-layer that
were suitable for calculation, and we were not yet taking reflec-
tions from the sporadic E-layer into account. The average value
of the instrumental calibration constant Gy, over the month was
A KR

p

calculated by linear averaging, i.e., the quantity G:= was

averaged for the individual measurements before converting it to
decibels, and then the height correction 20 log(h/100) was added
to it. With a sufficiently large number of measurements, linear
and decibel averagings of Gy differ by no more than 1-1.5 dB.

In study of radio-wave absorp-
TABLE 1 tion in the ionosphere, an interest-
ing problem is that of the influence

of a semitransparent sporadic E-layer

1 T on the value of the instrumental con-
Momth  'Number — stant [9]. 1In this case, we may ex-
of Gy |Seasurt- Gy pect a decrease in the instrumental
measure- easur
ments mmmi constant because some of the energy
- — of the radio waves is reflected from
January 49 90,4 31 | 89,6 the E-layer and does not reach the
F-layer [8]. During January-March
February 72 S0 ,0 33 89 ,2 N A
1964, many reflections from a semi-
March 28 |¢€0,2 7 18 ,9&4 transparent sporadic E-layer were
SR —_— registered at night. This enabled us
Toar | 149[90,2] 82 [897 to compute the instrumental constant

for two different sets of conditions.
First, all night sessions with reflec-
tions from the F-layer in the presence of an Es—layer were taken

into account in computing the instrumental constant G, (Table 1).
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Then we computed Gy from reflections from the F-layer with exclu-
sion of the sessions in which reflection from the semitransparent
sporadic E-layer was observed.

As Table 1 shows, 7
the semitransparent S0
sporadic E-layer actu- 4

ally has no influence
on the instrument's
calibration constant.

20

JOA

In defermining the
calibration constant,
it is necessary to con-
sider the state of the
ionosphere. A diffuse b//4
ionosphere causes scat-
tering of the radio L. e ) ™) T N
wave's energy on in- 0 J0 50 Pt FANOTY
homogeneities and a de-

crease in the coef- . 5 114 -
flelent of reflection Figure 2. Rayleigh Probability Den

sity of Random Variables (1); Cali-
p==2&1 from the iono- bration Constant at 2.2-MHz Fre-

£ quency (2).
sphere. As a result,

the instrumental con-

20

stant Go=201ggplE is on the high side if determined under these

conditions [9].

The experimental curve (Fig. 2) is approximated quite closely
by the Rayleigh probability density distribution of random vari-
ables (dashed curve).

Results of measurement of radio absorption at 2.2 * 0.2 MHz.
In absorption measurements, it is desirable to select the lowest
pecssible frequencies in order to minimize the error introduced by
the extraordinary wave. The selected frequencies must not be
close to the critical frequency of the region for any length of
time. In accordance with these requirements, a frequency of 2.2
MHz was selected for the basic measurements by international
agreement [1, 37.

On analyzing the variation of the noon values of the ab-
sorption coefficient L (Fig. 3), we note that absorption varied
sharply during January in 1964 and 1965. The absorption increase
from 10 through 15 and from 25 through 27 January 1964 was ac-
companied by a marked rise in the minimum reflection frequency on
the ionospheric records. In 1965, absorption was unusually strong
from 5 through 10 January and from 28 through 31 December, and in
1966 from 19 through 23 January. This is an example of the winter
absorption anomaly, which has been observed on many occasions at
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Alma-Ata, 1966 RWD’s

——— =
Ly January February March
" Ly ¢ iy "se ?H 35 16 m 7
3 . ' '
12, Ej If i‘ % It ) | W‘ [}
2 -z
April May June
v 3 7y 114 "9v 4w 5 16w
" .
L) ' : '
L
” i 'f L I
4 — SRR,
July August september
Rwm g 1% v Sy N\ 1PVui 18Vm
=
30 ~ ;‘{‘ o v '
™ ] ' R t
. o 3 : }F L j
1 | 17 39
October November December
o " 2x 85x sa gy 7x 1Sa Axn ISa
magnetlc storm
2 ﬁ
ad o AL AL R
d 24 12 ze 72 [4 [ 2 2 - Oy 24 I .e'f?"_.‘a_".éé 1‘2"‘)
Alma-Ata, 1964 RWD’s
> Ja;xary— ~ | May i _7_ A éeptemb:_ -
i 57 €Ty gL 207 2-F | 22-ir PE T 7
50
q ] .
40
5 /\ ,_//‘ ) jf\/\ I/W\v .l"\W
Shos e oot by _mrw' -
/1 Il ” June i
Ly$ February 208 Octobe,r ~ _ l
5| g 19-F1 2040 - ”Y' ae-J ' B Ar-x 22X
w
L ' // . [
» /\'\ J/fr\\ / \}/ \'\ .
4 ./, / S /'\V\
¢ . - " . Rl A'x'.—xx‘{v,_,..,'u
. March _ JUIY _ November
Ledt gy g v 1o ¥ 75 - l" 1721 1i-xt fg- z/
) :
w0 | f“\_
% i
. by S t A
4 % m i \\, i~
! _ August December
' £ 19 b 20 l 15 a0 1€ ru 17 x/
'X IP\\“JNL\'\{.J\\» Ma/m
" v

Figure L. Absorptionon RWD.
from sporadic E-layer;

®) Cases of reflection
the dashed lines are times

of sunrise and sunset.

106
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other stations in latitudes from 30 to 60° and in both the
northern and southern hemispheres. The increased absorption as-
sociated with the winter anomaly usually persists for about two
to five days in a row at various times .during the month. The
winter anomaly 1s assumed to be due to a rise in the temperature
of the lower ionosphere [11, 12]. The strongest absorption dur-
ing the winter anomaly was registered in the year of the solar
activity minimum (1964); then, as solar activity increases, the
winter absorption fluctuations become smaller.

In January 1964 (Fig. 4), the RWD's coincided with the days
of the winter absorption anomaly. The strongest absorption (L =
= 53 dB) was observed on 14 January; absorption then decreased
gradually to L = 19 dB on 17 January. In the diurnal absorption
curves, there were occasionally (19 February, etc.) sharp in-
creases during the morning and evening hours due to the proximity
of the working frequency to the critical frequency of the E-layer.
During the night, absorption fluctuates in the range from 0 to 10
dB; in certain cases, we note negative absorption-coefficient /117
values (in February 1964 and September 1965), possibly as a re-
sult of focusing (Table 2, Fig. 5). At Alma-Ata, the weakest ab-
sorption is usually observed in February and November, and the
strongest during the summer. Table 2 gives median noon absorp-
tion values (L, dB) and the root-mean-square deviation (o).
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Figure 5. Seasonal Varia- Figure 6. Seasonal Varia-
tion of Noon Absorption tion of Absorption at
for 1964-1967. 1) At 2.2 Alma-Ata During Years of
MHz; 2) at 4.5 MHz during Sunspot Maximum (1964~
1965. 1967).

Absorption was traced as a function of solar activityon the
basis of +the Alma-Ata absorption data for 1958 and 1959 and
partial data for 1960-1967 (Figs. 6 and 7).

Absorption begins to increase during the latter half of
1966; during February and March of 1967, it was above normal
owing to a sharp increase in the number of sunspots.

Absorption can be expressed by the following formula as a
function of sunspot number for Alma-Ata:

L=L ({+aW).

where a = 0.0026 and W is the relative sunspot number. During /118
years of maximum and minimum solar activity, however, a certain
correction must be introduced into this formula, since it has

been observed that the fall and rise of solar activity do not
immediately reduce and increase absorption. There is a shift of
approximately one year between sunspot number and absorption.

Indeed, absorption was no weaker in 1959 than in 1958, and even
somewhat stronger; in 1965, it did not exceed the 1964 level.

The relationship is similar for other stations.

Diurnal variation of absorption and the zenith angle of the
sun. 1t is known from single-layer theory that the ionospheric
absorption of radio waves L ~ (cos x)3/2. The results of the
radio-wave absorption measurements do not confirm this law, and
it has generally been found that L v (cos )P, where n < 3/2.
Consequently, most of the absorption occurs in a region that lies
lower than the E-layer and is not subject to the single-layer
laws. The numerical values obtained by various authors for the
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Annual Average Sunspot-Number Values (Middle
Curve), Variation of Annual Average Values
of Absorption at 2.2 MHz (Upper Curve), and
Seasonal Variation of Monthly Median Absorp-
tion Values (Lower Curve) from January 1964
Through July 1967.

exponent vary widely, averaging 0.5-0.7. We determined the
exponent from absorption data measured round-the-clock on the
RWD's in each month of 1964, 1965, and 1966. For this purpose,
we plotted 1 + log x as a function of 1 + log cos kK, where K =
= - 1n p, determining n from the slopes of lines found by the
method of least squares (Table 3, Fig. 8).

n
o

Seasonal variation of absorption and cos k. It is known
that the radio absorption measured at middle-latitude stations
at a constant zenith angle fluctuates through a small range about
a certain average level during the year, except for the winter
months, when the absorption anomaly is observed [11]. We calcu-
lated the absorption on the RWD's in 1964 for a zenith angle k =
= 70°. It was found that the absorption at k = 70° is about
20 dB, except for January, when L = 35 dB. In January 1964, the
RWD's coincided with those of anomalous winter absorption. To
establish the relation between the seasonal variaticn of absorp-
tion and solar zenith angle, we plotted 1 + log k as a function
of 1 + log cos k for each month in 1964. The data for January
were excluded from the calculation, and the method of least
squares was used to find the straight line y = 0.61x + 1 (Fig. 8).
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TABLE 3. VALUES OF THE EXPONENT

August 1965 Zl_ FOR (COS X)n
15 Year
14 o . Month Three-year
- o 1964 | 1965 | 1966 |*verage
12 *
x January | 0.79 | 0.41 | 0,68 | 0.63
> 196¢ February 0.65 | 0.30 [ 0.19 | 0.38
N v March 0.64 | 0.57 0.35 0.52
o ° April 0.92 | 0.56 | 0,60 | 0.69
g ’ :/” May 0.53]0.60 ) 0.43 | 0,52
- June 0.56 | 0,441 0.20 | 0.40
14 Su July 0.56 [ 0.35 | 0.31 | 0.41
August 0.52 | 0.55 | 0.43 | 0.50
12 September 0.71 1,11 0.96 0.93
October 0.73(1.24 ] 0.60 | 0.86
/_” November 0.48 0.24 0.24 0.32
o 07 05 a7 09 regcast December 0.59 | 0.48 | 0.23 ; 0.43

0.64 | 0.57 | 0.455] 0.55

Figure 8. Relation Be-
tween Seasonal Varia-
tion of Absorption and

the Zenith Angle of The value obtained for the ex-
the Sun. ponent, n = 0.61, agrees closely
with the n = 0.62 calculated
from the diurnal absorption /120
curves on the RWD's in 1964. The exponent n shows a seasonal

variation, averaging (over three years) 0.55 (Fig. 9). The
largest values of n are observed in the spring and autumn, and
the smallest in summer. The 1964 increase in n is associated
with a winter absorption anomaly, since the January 1964 RWD's
coincided with several days of enhanced absorption.

To judge from the data of Table 3, the height of the basic
(nondeviative) absorption reglon varies over the course of the
year [13]. The authors of [13] obtained a height curve of the
exponent n by assigning specific model height distributions to
the recombination coefficilent o in the lower ionosphere. It was
found that n = 3/2 for an absorbing layer above 90 km. The expo-
nent n will decrease with increasing absorbing-layer height and,
consequently, with increasing recombination coefficient ao.

We compared the data on the height dependence of n in [13]
with the results of our calculations (Table 3) and made tentative
estimates of absorbing-region height. We found that in the spring
and fall, when n increases, the absorbing region 1s situated at a /121
height of 70-80 km, and that in summer it descends to 60-70 km.
During the anomalous absorption on the RWD's of January 1964, n
equalled 0.79. It can be assumed with [13] as a base and con-
sidering our own data that the basic absorption during the winter
anomaly takes place at heights of 70-80 km, i.e., that the ab-
sorbing layer is higher at this time than on ordinary days.
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Shift of maximum in diurnal bocal time
absorption variation. A shift of Figure 10. Isolines of
the maximum away from loecal noon k = -1n p for 1964 at
has'been.observed.on Several_oc— Frequency of 2.2 MHz on
casions in analysis of the diur- the RWD's.
nal absorption curve [9]. The ab-

sorption maximum usually lags 20-

40 minutes behind noon (Fig. 10).

To analyze this effect 1iIn greater detail, it will be necessary to
have the diurnal variation for the entire month, and not only for
the three RWD's.

CONCLUSIONS

1. The variation of the absorption frequencies was studied
at 2.2 MHz at noon on each day and round-the-clock on the 1964~
1967 RWD's.

2. The existence of the winter absorption anomaly at the
latitude of Alma-Ata was confirmed. The winter anomaly was most
pronounced during the year of the solar activity minimum (1964).

3. The widest abscrption fluctuations are observed in winter. /122
The fluctuation had its smallest annual average value in 1965 (as
compared with 196L and 1966).

4. It was shown that the exponent n in the formula L ~ cos xn,
as calculated for the RWD's, has a seasonal variation with maxi-
ma in the spring and fall. The hypothesis that the absorbing-
region height is at T70-80 km in the spring and fall and descends
to 60-T0 km in summer is advanced [13]. Absorption can be ex-
pressed as follows as a function of sunspot numbers for 1965-1967:
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L=Ly(1+aW),

where a = 0.0026.

A shift between L and W is noted during the years of maximum
and minimum solar activity. Absorption lags behind solar ac-
tivity by approximately a year.

REFERENCES

1. Instruction Manual, 1956, No. 5. The Ionosphere, Vol. II, Publ.
Comm. of CSAGI, London.

2. Gorbushina, G.N. Instruktsiya po izmereniyu pogloshcheniya
radiovoln v jionosfere (Instructions for Measurement of Radio
Absorption in the Ionosphere), Leningrad, AANII (Arctic and
Antarctic Scientific Research Institute), 1959.

3. Instruction Manual, 1963, No. 4. The Ionosphere, Part 11, CJG-
IQSY Committee, London.

4. Zachateyskaya, Ye.N. Results of Absorption Measurement at Alma-
Ata. In: "Ionosfernyye issledovaniya" (Ionospheric Research),
1964, No. 13, 97.

5. Korinevskaya, N.A. and Molostov, G.F. Use of the SP-3 Iono-
spheric Station for Measurement of Radio Absorption. In:
"Rezul'taty nablyudeniy i issledovaniy v period MGSS" (Re-
sults of Observations and Research During the IQSY), No. 2,
Moscow, "Nauka," 1966.

6. Taubenheim, J. Incoherency of Pulse Echoes and the Measurement
og IoEospheric Absorption. J. Atmos. and Terr. Phys., 1960,
18, 147.

7. Svechnikov, A.M. Influence of the Sporadic E-Layer on Radio
Absorption in the F2-Layer. In: "Ionosfernyye issledovaniya,"
1964, No. 13, 85.

8. Umlauft, G. Some Ionospheric Results Obtained During the In-
ternational Geophysical Year. Proc. of a Symposium at Brus-
sels, 1960.

9. Al'pert, Ya.L. Rasprostraneniye radiovoln i ionosfera (Propa-
gation of Radio Waves and the Ionosphere). Moscow, Izd-vo
AN SSSR, 1960.

10. Zelenkova, I.A. and Zelenkov, V.Ye. Notes on Technique for
Measurement of Radio-Wave Absorption in the Ionosphere Under
Broken-Terrain Conditions. "Geomagnetizm 1 aeronomiya," 1968,
No. 5, Vol. 8.

11. Raspredeleniye elektronnoy kontsentratsii v lonosfere i ekzo-
sfere (Distribution of Electron Concentration in the Iono-
sphere and Exosphere). (Edited by XK.I. Gringauz). Moscow,
"Mir," 1964.

12. Sechrist, C.F. A Theory of the Winter Absorption Anomaly at
Middle Latitudes, J. Atmos. and Terr. Phys., 1967, 29, 113.

13. Mitra, A.P. and Jain, V.C. Interpretation of the Observed
Zenith Angle Dependence of Ionospheric Absorption, Journ.
Geophys. Research, 1963, No. 9, 68, 1267.

112



UDC 523.165(99)

VARIATIONS OF COSMIC RAYS ASSOCIATED WITH /123
CHROMOSPHERIC FLARES ON THE SUN

I.D. Kozin

ABSTRACT: Peatures of the cosmic-ray varia-
tions in the region of the geomagnetic pole
and a smooth decrease in the intensity of
cosmic rays as a result of increased solar
activity are reported. A 66-day variation
of the cosmic rays was registered, in agree-
ment with the maximum frequency and power of
solar chromospheric flares.

The Antarctic interior station "Vostok" is located in the
immediate vicinity of the earth's South Geomagnetic Pole.

Data on the variations of cosmic rays obtained at the geo-
maghetlic pole are of enormous interest: they make it possible
to analyze the variations of the solar cosmic rays during periods
of rising solar activity.

The cosmic-ray variations at a geomagnetic pole have sin-
gular features. First of all the primary radiation arriving at
the pole is rich in low-energy particles, which are deflected
from their original trajectory by the earth's magnetic field to
form an observable latitude effect and compose a substantial
component of the total flux. Cosmic-ray intensity reaches its
maxima at the geomagnetic poles, and since the principal source
generating the low-energy cosmic-ray protons is the sun, the
phenomena of plasma ejection and corpuscular streams from its
surface are most clearly in evidence at the geomagnetic poles.

It is known [1] that the cosmic-ray intensity decreases with
increasing solar activity, and that the magnitude and frequency
of the Forbush fall-offs at the solar activity minimum are largest
at the geomagnetic poles [2]. The year 1966 is regarded as a
period of solar-activity increase in 1ts initial stage.

Over a seven-month interval, the intensity of the cosmic-
ray neutron component dropped 7-8% (Fig. 1) as a result of the
incipient solar-activity increase. The general negative correla-
tion trend is beyond question. The effects of solar-activity
variations appear in the cosmic-ray variations after a lag of 2-3
days; this is fully consistent with the propagation velocity of
the solar corpuscular streams [3]. But how shall we explain the /124
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decrease in the reglstered cosmic-ray background Intensity with
rising solar activity? The current view 1s that the electro-
magnetic properties of the sun-earth space are changed by the
increasing solar-wind flux as solar activity rises, with an in-

crease in the resistance to penetration of galactic cosmic rays
to the earth.

0 Occurrence of flares
e -2f.2b

Frequency of chromospheric flares

#+-3f and higher 3
5 _I .
Jd 1 1l MJL{] I.‘Jllh.;! l l JJILUJ!LU L_Jl_LLMH I_I '
January , Fit-)ruary \ March N April X May une :.Iim

1966

Figure 1. 1) Relative daily average intensities
of cosmic-ray neutron component with correction
SN/N introduced for the barometric effect; 2)
solar activity in Wolf numbers W; 3) frequency
and power of chromospheric flares.

Conditions for optimum deceleration of the low-energy cosmic-
ray component, which ylelds 1ts energy to ionization of the lower
inosphere, are created in the earth's atmosphere, and the effect /125
of lowered registered-particle intensity is enhanced. This ef-
fect will be considered in greater detail in [4].

The opinion has been advanced [5] that the general cosmic-
radiation intensity background decreases during times of increased
solar activity as a result of incomplete intensity recovery after
the Forbush effects. It can be stated on the basis of "Vostok"
data that the intensity decreases smoothly, and that although in-
complete intensity recovery 1s observed after Forbush effects, it
is more probably a result of addition of the smooth-decrease and
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Forbush-effect phenomena. If the smooth intensity decrease is
extrapolated with a moving average to a Forbush-type decrease,
excluding the period of the Forbush decrease, the extension of
the extrapolated line coincides with the unrecovered intensity
after the Forbush effect. The diagram given in this paper is
interesting in that the cosmic-ray intensity has a periodic
variation with Forbush effects at the beginning and end of a 66-
day period.

Obviously, the very small volume of experimental material
makes 1t impossible to exclude an accidental origin for this
variation. The analysis will be continued.

To ascertain the causes of this anomalous variation (Fig. 1),
we have introduced a curve of the frequency and power of chromo-
spheric flares on the sun. The diagram shows clearly that the
flare maxima during this time occurred in the same intervals,
and that the most powerful flares (2f-2b and higher) occur during
the same periods. The literature had as yet made no reference to
registration of a 66-day cosmic-ray variation, although periods
of 21 to 23 days had been mentioned more than once [6, 7, 8].

The diagram (Fig. 1) of the canromospheric flares and the cosmic-
ray neutron-component variations shows no distinct cycle with a
22-day period, but the appearance of the 66-day variation could
be linked precisely during this time with surges in the power and
numbers of chromospheric flares during every third 22-day period
of the sun's rotation. If we assume that the power and numbers
of chromospheric flares increase every 66 days and that the sun's
pericd of rotation during this time was approximately 22 days, we
might expect 22-day cosmic-ray variations with extreme values oc-
curring every third period. If, on the other hand, the sun's
period of rotation is 27 days, there will be departures from the
66-day variation. At this time, we observe a 66-day variation of /126
the cosmic rays and the same sequence of chromospheric-flare
maxima.

CONCLUSIONS

1. The geomagnetic pole is a convenient station for observa-
tions of solar cosmic ray variations.

2. A 66-day variation of the cosmic rays has been detected;
it requires confirmation and improvement on the basis of larger
amounts of statistical material.

3. A distinct Forbush decrease in the intensity of cosmic

rays is observed at the geomagnetic pole with increasing number
and power of the solar chromospheric flares.
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